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PEEFACE. 


The  complete  discussion  of  the  Sources,  Production,  and 
General  Technology  of  the  numerous  substjinces  inchided  in 
the  term  Oifc,  and  of  the  intimately  associated  FaJts^  Baiters, 
and  Waxes  (all  of  which  are  practically  oils  when  melted), 
would  require  far  more  space  than  is  compatible  with  the 
limits  of  the  present  work ;  it  has  accordhigly  been  found 
indispensable  to  make  a  selection  from  this  wide  field,  as 
the  result  of  which  the  subjects  now  dealt  with  are 
narrowed  down  to  the  Animal  and  Vegetable  Fixed  Oils 
and  allied  substances  ;  whilst  Mineral  Oils,  Products  of 
Distillation,  Essential  Oils,  and  various  analogous  materials 
are  only  discussed  in  so  far  as  they  are  associated  with  the 
Fixed  Oils  in  their  technological  applications.  For  the 
same  sufficient  reason  minute  details  respecting  the  various 
special  tests  employed  in  the  practical  examination  of  oils, 
&a,  for  adulterations  have,  as  a  rule,  been  omitted ;  as  also 
have  the  descriptions  of  the  distinctive  properties  and 
qualities  of  the  individual  oils  and  fats,  excepting  in  a 
comparatively  small  number  of  typical  cases.  In  short,  the 
object  aimed  at  has  rather  been  to  give  general  descriptions 
of  the  methods  whereby  Animal  and  Vegetable  Oils  and  Fat 
are  obtained  from  natural  sources,  of  their  leading  practical 
applications  and  uses,  and  of  their  chief  physical  and 
chemical  properties  and  reactions,  than  to  enter  into  special 
details,  and  to  discuss  minutely  the  analytical  tests  and 
processes  applicable  in  each  separate  case  for  the  detection 
of  adulteration. 


The  litrrmccr*  nLarlnc  *•:  ^e  ciiemfscry  aiiii  tecfcnolocnr 
of  dxriii  ':il.'»  an*:  iiv  is  ilr^atij  t ilrim'"^ tzri^,  and  yearly 
incr*ras«^  Tt-xsiiirrncLj  ia.  ^la^nimtie.  ri^irg  d^rstly  dispersed 
throi^-^hijct  the  r»vr-^  'C  z.imer:us  ^ciectido  tmd  technical 
serial.-.  Amonr^  'h^r  r«r:'>ii»al5  it  iis  iescrir ci-zn  ci:n5Tilted 
fur  the  f  Tirro-ie  •:!  ^lierlnc  &:g?Txer  to  5*:c:»r  extent  the^ 
scattered  r»iST:lta  and  :iein3  TDay  ce  mi:  re  p^urticularlv 
mentioneti : — 

The  Joun.tu  or  rhii  Skc-.'^vj  •:/ Ck'fTn.ioil  Industry, 

The  J'jut'Tial  or  r/ig  S:e'^u  rf  Ai-ts, 

The  Journal  of  tki  Chnmi^yjl  S:'ciety, 

The  Analyst. 

The  Chemical  JTeftra. 

ZeiUchri  ft  fur  a  ng^iv^i ndte  Chem  ie. 

Berichte  der  Ikut^hen  CKemiKicktm  Gagellsckafi. 

Dingle  r's  PolyiKch  n  ixhes  Jou mat. 

Biederma  n  n  >  Tech  n  Uch-  Chevt  inches  Jah  rbuch. 

Moniteur  Scientijique, 

Bulletin  de  la  Societe  Chimique  de  Pari^. 

Comptes  rctidus. 

Besides  many  others  in  which  papers  bearing  on  the  matters 
in  hand  appear  from  time  to  time.  Various  text-books  and 
technical  dictionaries  previously  published  in  this  country 
or  abroad  have  also  been  freely  consulte«i  with  the  object  of 
rendering  the  present  work  as  complete  as  possible,  with 
due  regard  to  the  limits  of  space.  In  particular  the  author 
desires  to  express  his  indebtedness  to  the  following  works: — 

Schadler,  Technologie  der  Fette  und  Oele*    Berlin,  1883. 

Allen,  Commercial  Organic  Analysis,  vol.  ii.,  Second 
edition.     London,  1886. 

Scliarller,  Untersuchungen  der  Fette  und  Oele*  Leipzic, 
1889. 

iknedikt,  Analyse  der  Fette  und  Wachsarten,  Second 
edition.     Berlin,  1892. 

*  WhilHt  the  prcncnt  l>ook  was  in  the  press  the  two  works  by  Sch&dler 
alKivn  iiioiitioiied  liave  ))een  incorporated  into  a  single  volume,  edited  by 
I*.  Iw»hinann  aftirr  the  decease  of  the  original  author. 


PREFACE.  Vll 

To  the  firm  of  Rose,  Downs,  &  Thompson,  of  Hull,  the 
author  is  greatly  indebted  for  numerous  illustrations  of  the 
most  recent  and  effective  forms  of  oil  mill  machinery,  as 
well  as  for  valuable  information  concerning  their  use  in  oil 
extraction  generally.  In  similar  fashion  he  desires  to  thank 
Messrs.  Neill  &  Sons,  of  St.  Helens,  for  a  variety  of  specially 
made  drawings  of  appliances  used  in  soap  manufacture; 
Messrs.  S.  H.  Johnson,  of  Stratford,  for  drawings  of  the 
newest  forms  of  filter  presses ;  and  Messrs.  E.  Oowlea  &  Co., 
of  Hounslow,  for  cuts  of  improved  candlemaking  machines. 

C.  R.  ALDER  WRIGHT. 

London,  October,  1893. 
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§1.  General  Composition  and  Nature  of 

Oils,  Butters,  Fats,  Waxes,  and 

Allied  Substances. 


CHAPTER   I. 


THE  SOURCES  AND  GENERAL  NATURE  OF  NATURAL 
AND  ARTIFICIAL  OILS,  &c. 

Amongst  the  alchemists  the  term  "  oil "  had  a  somewhat  wider 
range  of  application  than  is  usual  at  the  present  day,  including 
various  inorganic  substances,  such  as  "oil  of  vitriol."  Similarly 
**  butter  of  antimony  '*  and  "  butter  of  tin  "  were  metallic  deri- 
vatives entirely  dissimilar  from  cow's  butter  in  constitution, 
although  resembling  it  in  physical  consistency.  Even  when 
such  wholly  inorganic  compounds  are  excluded,  the  term  "oil" 
has  still  an  extremely  elastic  meaning,  being  employed  to 
designate  a  very  large  variety  of  liquid  substances,  natural 
and  artificial,  wliich  have  but  few  features  in  common  beyond 
the  £act  that,  being  all  organic  in  character,  they  are  capable  of 
burning  with  more  or  less  &cility  under  suitable  conditions; 
whilst  with  but  very  few  exceptions  they  are  practically  in- 
soluble in  water,  so  as  to  be  incapable  of  permanent  solution 
therein  ;  being  as  a  rule  lighter  than  water,  when  agitated 
therewith  an  emulsion  forms,  from  which  the  water  and  oil 
gradually  separate  on  standing,  the  latter  usually  floating  as  a 
separate  layer  on  the  former. 

The  term  "  fatty  matter,"  or  more  shortly  "  fat,"  is  applied  to 
substances  which  are  more  or  less  of  a  soft  solid  character  at 
the  ordinary  temperature,  but  on  gently  heating  pass  to  liquids 
closely  resembling  fluid  oils  in  general  characters;  "butters" 
being  specially  soft  varieties  of  such  fats  possessing  the  peculiar 
physical  texture  of  cow*s  butter  at  the  atmospheric  temperature 
of  temperate  climates.  "  Waxes,"  on  the  other  hand,  possess  a 
somewhat  difierent  and  much  firmer  texture  at  the  ordinary 
temperature,  but  when  heated  melt  to  fluids  which  closely 
resemble  ordinary  liquid  oils  and  melted  fats  in  their  general 
physical  characters. 

1 


S  OILS,   FATS»  WAXfii,   KtC,  ^^H 

Oik  proper  are  derived  from  animal,  veg^tJible,  and  mineral 
sources,  being  mostly  precontained  in  the  tissues^  seeds^  or  strata, 
Jcc.,  from  which  thej  are  obtained  by  simple  mechanical   pro- 
cesses, such  BA  pretiBure  or  pom  ping,  or  by  means  of  solvents,  ■ 
or  by  YohidlualioKi ;  eertain  produdi  of  destmctive  distil Jation,  I 
howerer,  are  also  ranked  amongst  oils — e.g,^  the  ^^  light  oils^**  I 
**  creoBote  otb^"  ^a,  obtained  during  the  rectification  of  coal  tar;  J 
&Dd  "shale  oils,'*  "  bone  oil  "  (Dippels  oU,  or  bone  tar),  "  jiiaraffin 
oils,"  "  rosin  oils,**  and  similar  substances  formed  by  the  breaking 
up  of  more  complex  organic  matters  nnder  the  influence  of  heat. 
Somewhat  similar  substances  (fusel  oils)  are  produced  by  ana- 
logous decompositions  f*ccurring  during  fermentative  changes.        J 

Oils  capable  of  being  converted  into  vapour  by  the  application  ■ 
of  heat  without  suffering  material  decumpa^iition  (vofafi/e  oiU}  I 
are  for  the    most  part  either  artificial  prc»ducts  of  destructive  1 
distillation,    natural    mineral    oils    (petroleum,    very   probably 
formed   underground   by   the   long-continued   action    of    intra- 
terrestrial  heat  on  subterranean  organic  matter),  or  "essential" 
oils — i.€,,  volatile  odorous  matters  extracted  from  numerous  veg©-— 
table  sources,  usually  by  distillation  along  with  water.     Fi:eedm 
oi/#,  on   the   other   hand,   are  substances  not  volatile  wilhou^ 
decomposition,   and   are    essentially   of   animal    and   vegetablofl 
origin ;  as  also  are  butters,  fats,  and  waxes  (which  practically  ■ 
become  fixed  oils  on  slightly  raising  the   tempemture),   wit^l 
the  exception  of  the  so-called  waxes  of  mineral  origin,  parafi&iis 
wax,  ozokerite,  cerasin,  ^c.  ♦  ■ 

From  the  point  of  view  of  general  chemical  composition,  oils^  I 
fats,  butt-ers,  and  waxes  may  be  divided  into  two  leading  classeM 
— viz.,  those  consisting  of  carbon  and  hydrtigen  only  (hf/dro*M 
earhoTis);  and  those  containing  carbon,  hydrogen,  and  oxygenJ 
Oils,  d'c,  of  the  former  class  are  practically  all  volatile  withontvl 
decomposition ;  those  of  the  second  class  are  in  some  caseafl 
volatile  without  change  (tf.y.,  oxidised  essential  oils),  but,  as  M 
rule,  are  **  fixed,^'  undergoing  destructive  distillation  when  heated^  ■ 
HO  that  the  vapours  emitted  are  produced  in  consequence  of 
docompfjsition,  ^ 

Ifyilrtjcarbon  oils  include  a  large  number  of  "essential  oils'*! 
(in  which  oxidised  substances  are  often  present  along  with  hydro- 
carljfjns):  jMiraihn  and  petroleum  oils,  iiicliuling  the  lightest  and 
most  volatile  distillat-es  of  the  ^'Lenzoline"  class,  ^4jurning  oils^ 
(kerosenes,    tkc.)    of    medium    volatility,    ^Rubricating  oils*'   oM 
higher  boiling   point,   and   paralliti   waxes,   ^c;    coaltar  oils  of 

*  The  terms  •*  fat  *'  und  **  butter  ^*  fire  not  eonfhied  tf>  the  fatty  matters 
obtftitmble  frotri  the  adipose  tiHsues  of  aniiimU  and  the  milk  r»f  m&itinialia ; 
thiit^  various  vegetable  fiits  and  butters  are  known,  r,ff,,  Jitka  Jal,  Patm 
hnUtr^  Shra  hutUr,  vfiftJaUe  {uluin\  &c.  Similarly,  wbiUt  niiiiiml  waxes 
arc  tho  bent  known  }ir()ducU  of  the  wax  cla^s,  various  fanns  of  vegetable 
wax  occur  in  nature  [t\g  ^  Japavcfc  waj-  and  Car na via  icax),  ■ 
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various  kinds;  and  other  analogous  products  of  destructive 
distillation,  from  which  various  "closed  chain"  hydrocarbons, 
(benzene,  naphthalene,  anthracene,  <S:c.)  are  isolable,  along  with 
many  other  kinds  of  hydrocarbons,  some  of  the  "saturated** 
class  (paraffins,  indicated  by  the  general  formula  CnHja+s),  some  . 
of  the  "  unsaturated "  classes  (C^Hjn,  where  n  is  not  greater 
than  m). 

Oxidised  oils  (including  fats,  butters,  and  waxes),  from  the  point 
of  view  of  chemical  constitution,  are  divisible  into  two  classes — 
viz.,  those  that  are,  and  those  that  are  not,  of  the  nature  of 
"  compound  ethers,"  or  substances  capable  of  undergoing  changes 
of  the  character  of  that  known  as  "saponification."  Oils  of  the 
first  class  are  again  divisible  into  two  groups — viz.,  GlycerideSy 
or  oils,  &c.,  developing  glycerol  by  saponification ;  and  Non- 
glycerides,  or  oils  not  developing  glycerol  by  saponification,  but 
giving  rLse  instead  to  some  other  alcoholiform  product.  As 
examples  of  these  two  groups  may  be  mentioned,  olive  oil, 
coker*  butter,  mutton  tallow,  cow*s  butter,  Japanese  wax, 
linseed  oil,  colza  oil,  cod  liver  oil,  and  whale  oil,  essentially 
glyceridic  in  character  ;  and  oil  of  wintergreen  (chiefly  methyl 
salicylate),  beeswax  (mainly  rayricyl  palmitate),  spermaceti 
(chiefly  cetylic  palmitate),  and  sperm  and  doegling  oils,  essenti- 
ally non-glyceridic  in  character. 

Oils,  ifec,  of  the  second  class  (non-saponifiable)  include  various 
oxidised  essential  oils  belonging  to  different  organic  families — 
e.g.y  aldehydes,  such  as  oil  of  bitter  almonds  (benzoic  aldehyde) ; 
ketones^  like  oil  of  rue  (methyl  nonyl  ketone)  and  oil  of  tansy 
(methyl  octyl  ketone) ;  alcohols,  such  as  oil  of  geranium 
(geraniol) ;  camphor  analogues,  such  as  oil  of  wormwood  (absin- 
thol) ;  and  resinoid  constituents.  Various  alcoholiform  sub- 
stances are  also  contained  in  the  free  state  in  natural  oils, 
greases,  <kc.  ;  thus  woolgrease  contains  cholesterol,  and  amber- 
gris an  allied  body  amhreol ;  whilst  similar  substances  are  found 
in  small  quantity  in  many  vegetable  oils.  Higher  alcohols  {e.g., 
cetylic  alcohol)  are  often  present  in  the  free  state  in  marine 
cetacean  oils ;  whilst  plienol  and  its  homologues  are  present  in 
coaltar  oils  and  other  products  of  destructive  distillation. 


SAPONIFICATION. 

Originally  the  term  "Saponification"  was  used  to  designate- 
the  chemical  changes  taking  place  when  soap  is  prepared  by 
the  action  of  alkalies  on  fixed  oils  and  fats ;  but  subsequently  it 

*  Although  the  spelling  "  coker '^  at  first  sight  looks  inelegant,  it  is  con- 
venient to  employ  it  instead  of  **  cocoa,"  in  order  clearly  to  distinguish  the 
product  of  the  cokemut  palm  (Cocos  vvci/era)  from  that  of  the  cacao  (choco- 
late plant  yielding  the  beverage  cocoa)  and  the  coca  (yielding  the  alkaloid 
coeaine).  " 
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ham  been  extended  to  include  a  large  nuniljer  of  parallel  changes 
occurring  where  varioua  classes  of**  coniponnd  ethers  "  are  broken 
up  under  the  influence  of  alkalies  or  other  Imses,  so  aa  to  give 
rise,  on  the  one  hantl,  to  the  metallic  salt  of  an  organic  acid,  and, 
on  the  other,  to  an  alcoholiform  com  piemen  tary  product.  The 
following  equations  reprei^ent  typical  reactions  of  saponification, 
according  ivs  the  alcoholiform  product  is  an  alcohol  of  the  mono- 
hydric,  dihydric,  trihydric,  or  tetrahydric  class  i — 


I. 

Elhjl  Ace  laic. 

CsHs.O.CHjO       ^ 

PoiafiHinni 
Hyilroitdf. 

K,OH    = 

Potassfum 
Acetate. 

K.O.CjHaO 

+ 

EihyUc 
AlcohoL 

CHs.OH 

EihylcQO  DiaceuU!, 

Hydroxide 

PoUmalum 
Aoctale, 

Glycol 

•11 

r  u    /O.CaHaU      . 
^5^M0.C,H,0     + 

2K.0H     = 

2K,0,C2H50 

^■ 

X 

iilyofryl  Triatearatp 
(SUMirin). 

[O.C,sH3,0 

CiHs   <O.C,bH350    -r 

(0,C,sH3.0 

Sodium 
BydroxideL. 

3Na.0H    = 

Sodium 
StearAie. 

SNa.O.CisHaaO  + 

Glycerol 
{  OH 
C^Hi  I  0  H 

/oh 

4. 

Erylhrol  Tc(r»benzcm»c. 

(O.CrH^O 
P„     )D.CtH30 
^*^^  jO.CjHjO     " 

(d.CtMsO 

Sodium 
Hydruxiite. 

4NI1.0H    = 

Sgdiuni 

4Na.O.C7HflO 

+ 

ErrtbroL 
(OH 
P„    )OH 

[OH 

The  majority  *>f  siLponification  changes  occurring  with  natura 
fixed  oils  and  fats^  itc.^  lielong  to  the  third  class  ;  Le.f  these  sub-' 
Ktanees  are  chiefly  **  glycerides/'  or  compound  ethers  furnishing 
glycerol  on  saponification  ;  some  liquid  fixctl  saponiflable  oils, 
however,  are  »*f  nfjn-glyceridic  character,  undergoing  saponifica- 
tion changes  of  the  flri^t  kind  ;  thus  sperm  oil  largely  c^i^nsists  of 
i-ett/ftr  phifmtolt'fite  aufl  homologous  substances,  broken  up  by 
saponification,  thus — 


C«»yl  PhyMJtolftiiif 


FoUssCum 
Hydroiide. 

K.OH   = 


PhyaetoletLie. 

K.O.CieHaoO  + 


Cejtyltc  Alcoboi. 

CicBjj.OH 


Most   waxr>.  j^MisscHs  an  analogous  constitution  ;  thus  the  chi€ 
constituents  i»f  l)ecswax  ami  spermaceti  are  respectively  mfp-ictfi 
fmlmitftfr  and   *'thfi  ^mimitate^  decomposable    by   sapjniflcation, 
tJius — 


WyrU  yl  Pulmitittt*, 


Sodlani 
Jfrdruxide. 


Sodium 
Falmit&te. 


Myrioylic 
AlcoboL 


Na.OH    -=    Na.O.CuHajO    +    CaoUfli.OH 


Pola«»ium 
Jlydrualde. 


FoliiS!iium 
Palmitftte. 


Cetylie 
AlcoboL 


Cfltjrl  FAlmltJ,tt*, 
CuHw.O.CieHjuO     +     K.im     -     IC.O.CieHaiO    +    CieHaa.Oi 
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Some  few  vegetable  waxes,  however,  are  of  glyceridic  char- 
acter, e.g.,  Japanese  wax,  chiefly  consisting  of  j^mitic  glt/ceride, 
C,H5(O.C,.H3,0),. 

A  considerable  number  of  oxidised  essential  oils  also  consist 
mainly  of  compound  ethers  of  the  first  class ;  thus  oil  of  winter- 
green  {GatUtlteria  procumbena)  mainly  consists  oi  methyl  saXicylate, 
and  oil  of  cow  parsnep  (Heracleum  spondylium)  of  octyl  acetate  ; 
respectively  saponified,  thus — 

Potassiam  Potas^nm  MethyVc 

Methyl  S&licylate.  Hydroxide.  8alicjlate.>  AlooDuL 

CHs.O.CyHfiOa     +     K.OH     =     K.O.C7H5O2     +     CHs.OH 

Sodinm  Sodiam  Octylic 

Octyl  Acetite.  Hydroxide.  Acetate.  Alcohol. 

CsHjy.O.CjHaO     +     Na.OH     =     Na.O.CoHsO     +     CsHjy.OH 

Ck)mpound  ethers  of  Class  II.  (furnishing  dihydric  alcohols  on 
saponification),  although  not  absolutely  unknown  amongst  natural 
products  of  the  oil,  fat,  and  wax  class,  are  very  rare ;  camauba 

{OH 
OH 
on  saponification  (p.  18).  Tetrahydric  ethers,  like  those  of 
erythrol,  have  not  as  yet  been  recognised  as  constituents  of  oils 
and  £GLt8,  «!bc. ;  and  the  same  remark  applies  to  the  yet  more  com- 
plex pentahydric  and  hexhydric  ethers;  mannitol,  C^^{01EL)^ 
a  hexbydric  alcohol,  has  been  found  as  a  constituent  of  vege- 
table fruits,  <kc.,  accompanying  oil — e.g.,  in  unripe  olives ;  but 
neither  mannitol  nor  any  ethers  thereof  appear  to  be  contained 
in  purified  expressed  olive  oil. 


CLASSIFICATION   OF  OILS,   FATS,   WAXES,   Ac, 
ACCORDING  TO  CHEMICAL  COMPOSITION. 

The  following  table  indicates  a  rough  classification  of  the 
principal  varieties  of  oils,  fats,  and  waxes  in  accordance  with 
the  general  chemical  character  of  their  leading  constituents  : — 

Division  I.— Hydrocarboss. 

1.  Natural  esaential  oils,  mostly  of  vegetable  oriein. 

2.  Natural  mineral  oils  (petroleum),  including  the  crude  oils,  and  the  pro- 

ducts  thence  obtained  by  distillation,  &c.  (benzoline,  kerosene  oils, 
lubricating  oils,  &c. ) 

3.  Artificial  products  of  destructive  distillation  (paraffin  oils,  shale  oils, 

bone  oils,  coaltar  oils,  &c.) 

4.  Solid  hydrocarbons  obtainable  from  natural  products  (earth wax,  kc.)  or 

isolated  from  the  two  previous  sources — e.tj.,  paraffin  wax  and  allied 
aubttanoes  largely  used  m  candle-making. 
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Division  IL — CosTAiicrNo  Oxycex. 

1.  Biaentially  compound  ethers  of  monohydric  alcohols. 

a.  Various  natural  t'S.MJUtial  oils  mostly  of  vegetable  <>ngixi* 

b.  Certain  aiiirnsil  Hxeil  fitlfl,  especially  tboae  of  cetaceaa  origin  (i 

times  termed  **  liquid  waxea"). 

c.  Most  animal  and  vc;;ji.tal»lc  solid  w&xe«  (waxes  proper). 

d.  Certain  artificial  esitentlal  oils— r.^;.,  various  oooipo and  ethers  used 

for  pel  famery  and  davonriti^  purposes* 

2,  EMtntiaily  ijtycfrhfe*^  or  rompound  fthfru  of  tjlt/cerol, 

a.  The  majority  of  animal  and  vegetable  fixed  oils,  fati,  ftxid  battMl. 
Ik  Some  few  vegetable  waxes.  "^ 


B,-^Not  Sapon'tfiahh, 

a,  Tarious  cftsential  oils^  coniiUtin^  oi  a-ldehydes,  ketones,  camphora- 

ceoiia  bodiesj  kc. 
b»  Alcohol  if  cn-rn    consititucnta  of    natural    zmimal   and  vegetable  oils 

(choleHterol,  pliytosteroU  cc4y lie  alcohol,  ^c.) 

c.  Alcoholiforni  bodies  formed  by  fermentation  (fusel  oils). 

d,  Phenoloid  bodies  fornieil  by  deatruutive  distillation  tind  contAinfd 

in  coal  tar,  Jke.  (phenol,  cre«ol,  &c. ) 
«,  Products  formed  by  oxidation  of  hydrocarbons — c.j?.,  "  Sanitoa  oil* 
(formed  by  the  atmospheric  oxidation  of  od  of  turpeDtine), 


In  the  present  work  a  large  number  of  the  various  suhstaiK^s 
thus  coming  intu  the  general  category  of  oils^  fats,  Imtt^rs,  and 
waxes  are  necessarily  excluded  from  minute  consideration,  fixed 
animal  and  vej^etahle  oils  and  fats,  d'Cj  all  practically  belonging 
to  Division  II.,  Sections  1  and  2.  Certain  hjtli'oearbons,  bow- 
ever,  are  intimately  connected  with  the  subjects  dealt  with, 
more  especially  mineral  oils  and  products  of  destructive  distilla- 
tion employed  as  adulteninte  of  animal  and  vegetable  fixed  oils, 
and  a.H  ingretlients  in  lubricating  mixtures,  ckc.  ;  and  mineral 
wiLXeH  (paraHbi  wax,  ozokerite,  and  sirnilar  .substances)  employed 
as  candle  materials.  Various  essential  oil«,  moreover,  are  in  use 
tm  ingredients  in  certain  kinds  of  fancy  (toilet)  soaps  as  perfuming 
Agents^  and  in  some  kinds  of  sanitary  soaps  {e.^.^  eucalyptus  oil) ; 
as  also  are  certain  products  of  destructive  distillation  («,^.,  car* 
Bolic  acid  and  its  liigber  bomologues). 

For  further  classifications  of  fixed  oils,  fats,  waxeSj  &c. 
(apart  frorii  other  kinds  of  oils),  based  either  on  their  physical 
characters  and  the  chemical  nature  of  their  main  ingredients,  or 
on  their  leading  technical  uses,  vitie  Chap.  XI ll. 


* 
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CHAPTER  ir. 

SAPONIFICATION  PRODUCTS  OF  OILS,  FATS, 
WAXES,  &c. 

ALCOHOLIFORM  PRODUCTS. 

A  SAPONiFiABLE  oil,  dbc,  as  abovB  stated,  gives  rise  to  two  pro- 
ducts under  the  influence  of  alkalies  —  viz,,  an  alcoholiform 
organic  substance  (which  in  practice  is  either  glycerol  or  some 
kind  of  monohydric  alcohol),  and  the  alkali  salt  of  an  organic  acid. 
Under  suitable  conditions  (more  especially  heating  under  pres- 
sure in  contact  with  water)  parallel  decompositions  can  be 
brought  about  by  means  of  water,  the  products  t>f  the  "  hydro- 
lysis" thus  effected  being  the  aJcoholiform  body  and  a  free 
**  fatty  acid."  Thus  in  the  cases  of  the  glyceride  of  oleic  acid  and  of 
cetyl  palraitate  the  hydrolytic  actions  take  place  in  accordance 
with  the  following  equations  : — 

Oleic  Ulyceride.  Water.  Oleic  Add.  GlyoeroL 

(O.CsHasO  (OH 

CaHfi^O.CigHgaO  +  3HaO  =  SCigHssO.OH  +  CaHa^OH 

(O.CsHaaO  (OH 

Cet jl  Palmitate.  Water.  Palmitic  Acid.  Cetyllo  Alcohol 

CicHas.O.CjcHsiO  +  H2O  =  CioHaiO.OH     +    CieHjj.OH 

Similar  reactions  occur  in  many  other  parallel  cases,  the  nature 
of  the  alcoholiform  body  and  of  the  fatty  acid  developed  only 
differing  in  each  instance. 


TRIHYDRIC  ALCOHOLS  FORMED  BY  SAPONI- 
FICATION  (GLYCEROL). 

Glycerol,  the  most  frequently  occurring  alcoholiform  saponi- 
fication product  of  fixed  oils  and  fatty  matters,  solidifies,  when 
pure,  to  a  crystalline  mass  by  long  continued  chilling,*  the  melting 
point  being  about  +  22*  C;  its  great  hygroscopic  character  renders 
it  extremely  difficult  to  obtain  absolutely  free  from  water,  in 
consequence  of  which  values  varying  from  1*262  to  1*2653  have 

*  Passing  a  few  bubbles  of  chlorine  into  concentrated  glycerol  will  often 
make  it  crystallise  (Werner).  Chilled  glycerol  usually  crystallises  when 
stirred  up  with  a  few  crystals  of  the  previously  solidified  substance,  a 
method  utilised  in  manufacture  (Chap,  xxii.) 
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bsen  ntsiefi  a^  tU  j^pecific  grairity  at  15"^.  Wlien  hemted  geiitl| 
Qfider  the  ordinarj  atmospheric  pressure  it  v<  ilatilbes  witbcmi 
decooipositionf  bat  at  higher  temperatures  it  splits  up  into  wi 
Atid  acrolein,  thus — 

CjH,0,      =      2H,0       ^      C,H40 

Jn  vacuo  it  ^loils  at  about  1 80*  C 

By  cautiouJ«  oxidation  with  alkaline  permanganate  it  yields 

oxalic  acid  in  sufficiently  accurate  proportions  for  quantitative 
estimation.  By  treatment  with  pjtassium  dichromate  and  sul- 
phuric  acid  it  similarly  forms  CCj  and  water;  by  treatment  with 
ftcetic  anhydride  it  forms  triacetin,  the  saponification  of  which 
furiii.Hliffi  /inoiher  njeuns  of  quantitative  determination  {ride 
CTliAji.  XX I r)  In  the  abfience  of  substances  carlxmised  by 
iulphuric  acid,  an  excellent  qualitative  test  is  to  heat  cautiousiy 
to  120*  ^»r  a  little  higher  a  niixture  tif  twr»  drops  glycen>l,  two  of 
fused  phenejl,  iiiid  iiliout  as  much  sulphuric  acid  ;  a  brown  solid 
masfl  forms,  which  after  cooliiif^  disHulvcs  in  ammonia  with  a 
lK*autifiil  carmine  red  cohiur  (Reichl)  ;  if  sulistances  l>ec^:»ming 
carlMinised  arc  |)rcscnt  they  pnxJucc  a  dark  brown  c<j louring 
matter  whicb  hides  the  retl  tint. 

Polyglycerols^ — Glycerol  heated  in  contact  with  hydrochloric 
iicid  or  certain  iither  dehydrating  substances  is  capable  of 
underi^oin^'  reactions  of  deliydration  and  comlensation^  expres- 
sible liy  the  geiicral  equatiun  :-^ 


iiCaHnOa       = 

mH.O 

'i-          CguHgij  -  iniOg,,  _  m' 

Thus 

when  n    =    2  aurl  m 

-    1, 

ditjli/cend  results. 

2C|H,(0Hb      - 

H,0 

I  (OH), 

And 

when  n    =  3  and  m 

-    -\ 

trifffycfrtif  is  prtiduce<l. 
f(0H)3 

»C,H,tOH)3      = 

*2H,0 

+       CjhJoh 

It  has  been  supposed  by  some  chemists  that  bodies  of  this 
I  are  sometlines  contained  in  c*»mmercial  **  glycerines,**  more 
MpeciaUT  those  formed  under  high  pressure  in  autoclaves,  or 
purified  \)y  distillation ;  such  glyc<?rine,  when  slowly  e\Tiporated 
at  a  temperature  of  about  160"  C*  leaves  a  non-volatile  organic 

*  Lewkowitsch.  Tear  Book  *>/  Pharmae^,  1890^  p.  38a 
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residae,  from  the  weight  of  which  (after  deducting  ash)  the 
proportion  of  polyglyoerols  present  may  be  deduced.  It  does 
not  appear,  however,  that  the  residue  thus  left  has  been  definitely 
proved  to  have  the  character  and  composition  assigned  to  it, 
although  the  formation  of  polyglycerols  is,  a  priori^  highly  pro- 
bable. 

Natural  Triglycerides. — As  a  very  general,  if  not  abso- 
lutely invariable,  rule,  ordy  one  add  radicle  is  contained  in  any 
given  substance — t.e.,  substances  of  the  types 

CH,  .  OR  CHj  .  OR  CH,  .  OR 

I  i  I 

CH  .OR  CH  .  OS  CH  .  OS 

III" 
CHg  .  OS  CHj  .  OR  CHj  .  OT 

(where  R,  S,  and  T  are  not  the  same)  are  only  extremely  rarely 
met  with.  Cow's  butter,  however,  not  improbably  contains  a 
mixed  glyceride  of  one  or  other  of  these  classes ;  for  whilst  it 
forms  butyric  acid  on  saponification,  no  butyrin  (triglyceride  of 
butyric  acid)  can  be  dissolved  out  from  it  by  means  of  alcohol ; 
whereas  mixtures  of  butyrin  and  other  triglycerides  readily 
yield  the  former  to  that  solvent ;  hence  a  mixed  glyceride, 
oleo  palmito  butyric  glyceride^ 

CHj  .  0  .  CisHasO 
I 
CH   .  0  .  CicHgiO 

CH,  .  O  .  C4H7O 

ior  some  analogous  substance)  has  been  supposed  to  be  present, 
)reaking  up  on  saponification  into  glycerol,  with  formation  of 
salts  of  oleic,  palmitic,  and  butyric  acids. 

Some  few  other  fats  have  been  supposed,  on  similar  grounds,  to 
contain  analogous  mixed  glycerides;  but,  as  a  general  rule,  when- 
ever an  oil  or  fat  yields  on  saponification  the  salts  of  two  or  more 
different  &tty  acids,  it  can  be  shown  that  the  original  substance 
is  a  mixture  of  two  or  more  triglycerides  of  the  ordinary  type 
(i.e.,  each  containing  only  one  acid  radicle) ;  thus,  by  chilling  an 
oil  yielding  palmitic  and  oleic  acids  on  saponification,  a  solid  &t 
usually  separates,  yielding  only  palmitic  acid  on  saponification  ; 
whilst  the  liquid  portion  is  substantially  olein,  giving  rise  to 
oleic  acid  only  on  similar  treatment,  the  reaction  in  each  case 
being  indicated  by  the  general  equation  : — 

Normal  Caottic  nir*wiw*i  PotasMnm 

Triglyceride.  Potaah.  Uijceroi.  g^j^^ 

CH,  .  OR  CH,  .  OH 

I  I 

CH   .OR    +    3K.0H    »    CH  .OH     +     3K.0R 

I  I 

CH,  .  OR  CH,  .  OH 
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the  effect  of  the  alkali  beinfj  alwaya  the  same,  the  only  differences 
in  different  cases  being  due  to  the  variation  in  tbe  nature  of  K. 

Hydrolysis  of  Glyeerides. — As  a  general  rule,  pure  triglyce- 
rides are  acted  upf >n  by  water  only  at  an  elevated  temperature, 
treatment  with  supei^heated  steam  blown  through  the  mass,  or 
dijLTestion  with  water  under  considerable  pressure  being  requisite; 
under  auch  circnmstances,  the  glycerol  set  free  in  often  more  or 
les8  decompcjHed  by  secondary  reactions,  ^Vith  crude  iinpurified 
oils  continued  standing  at  the  ordinary  temperature  often  suffices, 
the  action  in  such  cases  being  largely  due  to  changes  of  a  fermen- 
tative chanicter  taking  place  in  the  mucilaginous  or  albuminous 
extractive  matters  present  as  impurities  ;  in  extreme  cases  the 
actirjn  goes  on  to  such  an  extent  as  to  hydrolyse  the  larger 
pnrtion  of  the  glycerides  present,  so  that  upwarfk  of  50  per  cent, 
of  the  mass  is  free  faLty  acid.  Changes  of  this  description  are 
almust  invariably  accompanied  by  the  production  of  bye-products 
of  unplefLsant  taste  and  smell,  so  that  the  development  of  **  ran- 
cidity ^*  by  this  tictitm  greatly  deteriorates  the  value  of  the  oil, 
*tc,t  for  many  purf>oses,  more  especially  culinary  and  edible  ones. 

In  all  proimbility  the  fonnatirm  of  a  free  fiitty  acid  and  glycerol 
from  a  glyceride  by  hydrolytic  action  takes  place  in  three  stages, 
^ving  rise  t-o  two  kinds  of  intermediate  prtidiicts,  duflyceridts 
And  monogfyceruiea  respectively  \  thus,  if  R  be  a  fatty  acid 
radicle — 


I 

cii  .on 

I 

UH.  .on 


\ra*or. 


HaO 


nifilycurldp. 

CHt .  Oil 

CH  .OU 

I 

CH, ,  OH 


Falty  Acid. 


H.OR 


CHj.OU 

1 

CH  ,0U 
I 
CH. .  OH 


WaiBT, 


H^O 


CH,.OR 

f 
CH  .OH 

I 

CHj ,  OH 


Ffttfy  Aoid. 

H.OR 


CHa .  on 

I 
CH  .OH      + 

I 
CH^ .  OH 


writer. 


H.O      = 


Glyearot. 
CHj.OH 

\ 


FaUy  AisJd. 
H.OR 


CH  .OH 

1 
CH,,OH 

The  final  action  may  consequently  be  expressed  by  the  equation — 


Triglycerlile* 
CHj.  OR 
CH  .OR 
CHi.OR 


Waier, 


F»ttr  Acid. 


Olyeerot 

CH,,OH 

+     3H,0      =      CH  .OH      4-      3H.0R 

CHs .  OH 
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which  may  be  written  somewhat  more  oompactlj- 


C3H»|0. 


+     3HtO      = 


QH; 


i    +      3H.0R 


The  formation  of  the  intermediate  substances  by  gradual 
hydrolysis  has  not  been  much  studied  as  yet ;  in  the  case  of 
rape  oil,  however,  it  has  been  shown  that  whilst  fresh  oil  con- 
tains the  triglyceride  erucin, 

(C„H4iO)3r»' 
the  corresponding  diglyceride  dierucin, 


C,H5 

) 

CH2.O 

Cs,H4,0 

(C«H4iO)s 

O3 

=       CH   .  0 

C22H41O 

H 

CH2.O 

.H 

is  sometimes  contained  in  old  oil,*  probably  formed  as  above  by 
partial  hydrolysis.  On  the  other  hand,  the  reverse  reactions 
leading  to  the  successive  building  up  from  glycerol  of  mono- 
glyceride,  diglyceride,  and  triglyceride  are  well  known  laboratory 
operations :  thus — 


Glycerol.  Fatty  Acid. 

(OH 
CsHsJOH     +    H.OPw 
(OH 

Monoglycriia. 

(OR 
CsHs^OH     +    H.OR    : 

(OH 

DIglyceridp. 

(OR 
C3H5    OR     +    H.OR    : 
(OH 


Monoglyc«Tlr1e. 

I  OR 
C3H5    OH     + 

<0H 

Diglyceride. 
(OR 
C3HJ0R      + 
f  OH 


H,0 


H2O 


Triglyeeri.l*. 

(OR 

C3H5  \  OR 

(OR 


+     HjO 


In  many  cases,  when  it  is  desired  to  obtain  triglycerides  in  a 
state  of  purity,  it  is  more  easy  to  saponify  an  oil,  separate  and 
purify  the  resulting  fatty  acids,  and  convert  them  into  glycerides 
in  this  way  than  it  is  to  separate  the  original  glycerides  them- 
selves contained  in  the  oil. 

The  following  boiling  and  melting  points  are  possessed  by 
some  pure  triglycerides  prepared  synthetically  in  this  way  : — 


Meltinj?  Point. 

Boillnir  Point. 

Bntyrin,    . 

.      C8H5(O.C4H70)., 

Fluid 

285* 

lAnrin,      . 

.            .      C3H5(O.C„H230)3 

45" 

Hyristii),  . 

.            .      CjH5(O.CuH270)3 

55 

Palznitin, . 

.      C3H5(O.C,6H3,0)3 

62 

Stearin,     . 

.      C3H5(O.C,8H350)3 

71-5 

OleiD, 

.      C3H5(O.C,8H330)3 

solidifies  at  - 

-  6"    !!i 

♦Reimer and  Will (/?pricA/^</erDetA/.  Chem.  Gett.,  1886,  xix.,p.  3320)  found 
th&t  a  deposit  which  had  slowly  formed  in  a  quantity  of  colza  oil  was  not 
the  triglyceride  usually  obtained  under  such  conditions,  but  the  diglyceride 
melting  at  47''. 


If 


OUMt   rATB,  WATWe^  RC, 


When  oiU  that  have  become  hydro! jned  throii^  imnddi 
refined  by  treatment  i»ith  alkalis  (Chap,  xi.)^  the  free  aci 
remoiretl  and  neatral  oibi  left  ;  but  other  kinds  of  refining  pro 
opuwui  do  nrit  affect  the  free  acida,  which  aocofdiaglj  are  apt  to 
be  Itfond  in  commercial  oils  to  varying  extenta,  aouiciiiiiea  oqIj 
inoDnJtiderable  amounts,  and  sometimes  Terr  lar^ge  percentages 
betnjf  prenent.  According  to  'fhum  the  finee  adds  do  not  consist 
solely  of  oleic  acid,  as  it*  often  suppoeed,  but  of  a  mixture  in 
exactly  the  natiie  pn>pfjrtians  as  that  in  which  they  exist  in  the 
urideoompuaed  glycerideH.  Thus  palm  oil  and  olire  kernel  oil 
containing  much  free  acid  yield  as  much  leolid  free  acids  relaliTely 
to  oleic  acid  when  the  free  acids  are  removed  by  agitation  with 
a  ould  alkaline  ley,  a^  are  yielded  by  the  neutral  unsaponified 
lata  present. 

J  oat  as  the  glyceridic  compound  ethers  of  fatty  acids  are  apt 
to  be  hydrolysed  under  appropriate  conditions,  so  are  their 
alkaline  Halts  (soaps)  split  up  by  water  with  the  formation  of 
iHiMif  Hitlmtanc«*  (free  alkali)  and  an  acid  salt  (ridf  p.  23). 

ft  iw  a  remarkable  ffict  that  although  a  somewhat  consideral 
miniber  of  monfiliydric  alcubuls  are  known  to  be  formed  by 
KfijjfmiJieation    of    fixed    oils,    essential    oils,    and    similar    s 
wlariee?*^  imly  one  triliydric  alcohol,  vi2.,  glycerol,  has  ever 
tuurnl  to  Ih*  produced  from  ssuch  sources. 

Isoglyceride  Theory. — Theoretically  the  existence  is  possil 
of  varic^uH  BubKtances  poKsessinf;  the  composition  of  a  trihy- 
droxylatecj  propane,  ( ■  ,Il.(i)H)^,  but  not  identical  with  glycerol  t 
tliene  HiihKtances  would  naturally  form  compound  ethers  isomeric 
witfi  ufdiniiry  glycerides  oontainintr  the  nume  acid  nwlicles, 
AifjoTii^*<t  syeh  hyi>otheticai  Imdies,  the  compound  ethers  oT  orth 
pfttpinnir  ttrifi,  indicattul  liy  the  general  formula- — 


(  on 
c  -  nit  c'H.. 

\  I  OK  I 

(*H..        isruneric  with  VH   , 

I 


OR 
OR 

OH 


have  been  suppoHetl  by  s^uue  cheniiats  to  be  pi-esent  in  cer 
fatty  matters,  notably  cow's  butter  ;  but  the  experimental  proofs 
of  thin  KuppoHition  are  Ringularly  wanting  in  clearness  and 
cogency.  Snvh  conipinind  ethers  on  saponificjition  should  neu- 
tral ine  fimr  iiiNlfud  of  three  equivalents  of  alkali,  generating  an 
ulkiiline  propiotyite  inHtead  of  glycerol ;  thus — 


nypuiluiUt'»J 


Sodium 


C,1U.C(0R),     4^    4NaOH    = 


Sodium  Propiooatft.  Sodium  Salt,       Wm^tt. 

CiHi.CO.ONa    +    3NaOR    +    2H.^O 


J 
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MONOHYDRIC  ALCOHOLS  FORMED  BY 
SAPONIFICATION. 

Numerous  families  of  alcohols  (monohydroxylated  hydro- 
carbons) are  known  to  the  chemist,  derived  successively  from 
saturated  hydrocarbons  of  the  series  Cq  Hjn  f  2)  and  from  the  other 
series  of  hydrocarbons  containing  less  hydrogen,  by  the  replace- 
ment of  hydrogen  by  hydroxyl :  thus  inter  alia  the  following 
&nilies  of  alcohols  are  known : — 

Ethylic  alcohol  homologues;  general  fonniila,Cn  H:!ii^.i .  OH 
Allylic       „  „  „  „        CoHsn-i.OH 

Phenol  ,,  „  „        CnH2n-7«OH 

Cinnamic alcohol    .,  „  „        CnHte-t.OH 

Although  representatives  of  several  such  families  of  alcohols 
are  found  amongst  products  of  destructive  distillation  (coaltar 
oils,  <fec.),  and  in  essential  oils  and  the  allied  balsams  and  other 
aromatic  bodies,  and  in  small  quantities  as  natural  constituents 
of  fixed  oils  of  various  kinds  (occurring  there  in  the  free  state), 
yet  compound  ethers  derived  from  alcohols  of  the  first  and  second 
of  the  above  families  appear  to  be  the  only  kinds  naturally 
occurring  in  fixed  oils  and  waxes,  izc. ;  and  of  these  by  far  the 
most  frequently  occurring  substances  belong  to  the  first  class. 

Ethylic  Series  of  Alcohols. — The  table  on  next  page  indicates 
the  leading  alcohols  of  this  family  (general  formula  CqH2d+i  •  OH) 
derived  from  fixed  and  essential  oils  and  similar  sources  ;  besides 
those  mentioned  numerous  isomeric  modifications  of  many  of 
them  exist,  obtainable  artificially  by  laboratory  reactions. 

The  higher  alcohols  of  this  series,  when  fused  with  alkalies, 
evolve  hydrogen  with  formation  of  the  alkali  salt  of  the  corre- 
sponding fatty  acid  ;*  thus — 

Otylic  Alcohol  Potas-iiam  Palmitate. 

CuHji.CHj.OH    +    KOH    =   CsHai.CO.OK    +   2H2 

Myricylic  AIcohoL  Potassium  Melisaate. 

Cj^Hss.CHj.OH    +    KOH    =   C29H50.CO.OK    -f    2H2 

They  are  readily  converted  into  compound  ethers  by  treatment 
with  organic  anhydrides  (e.g.,  acetic  anhydride),  and  in  some 
cases  by  heating  with  the  acids  alone,  water  being  evolved. 

*  C.  Hell  (liebig's  Annalen,  pp.  223,  269)  has  based  a  method  for  the  quan- 
titative determination  of  higher  alcohols  on  this  reaction,  the  substance  to 
be  examined  being  heated  to  SOO^-SIO"  in  contact  with  soda  lime,  and  the 
evolved  bydroj(en  collected  and  measured.  At  higher  temperatures  there 
is  a  possibility  of  hydrogen  being  also  evolved  by  the  action  of  caustis 
alkalies  on  oleic  acid  (p.  24).  This  method  has  been  found  useful  in  the 
examination  of  beeswax  which,  when  genuine,  furnishes  about  54  per 
cent,  of  myricylic  alcohol. 
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u 

OILi,  ] 

FATB.    WAX 

1 

r»=*. 

CH: .  OH 

ScCbicPi'a 

r^ 

SoBcn. 

Meti-yi;:  *!.' -'-l. 

«'•:. 

._ 

Sapoai£ca:aao  of  oil  of  winter- 

proiccta. 

Etiyisc  a::/:li'^ 

QU^.OH          TS' 

... 

Fcnccntauoa  of  necharine 

maRcr.                                  | 

Propylic  i*.-.»-.r.';.  , 

srr 

... 

FcrnKntarioii  fusel  oils. 

Ijc/prorv^:;  s-l.^-- 

C:H-.OH         54' 

... 

Iftoprofrlic  sodi  ie  from  g^j- 

b^  " 

\orxi!    I;-:Y*i:r  , 

iir 

... 

HeaTj  oils  fr^m  brandy. 

»I'y.hf/., 

C«H,.OH 

Ii!//',ntyi:oa!:'/r.cI  ) 

lor 

... 

Potato  and  beet  fusel  oUa. 

Aix.yii';  aI'-^yr.Oi* 

C:H::.OH    ir    l-^S^ 

Fuel  oils  from  grain  spirit. 

'Several  i.-yjni*:riij 

rrj'yiirica'.ioi;-  . 

of  Roman  Chamomile. 

Hexylic  alcof.'.'.a 

QH:j.OH    147  .157- 

... 

/M;Tfcn»I  w.'yii- 

paraUj,  oU  of  Roman  Cha- 

tication> . 

, 

momile,  Ac. 

XoriTuil  1^-iniar.- 

C:H:i.OH        KCT 

... 

Brandy  fnsel    oils.     Hydro- 

Hej^'li';  alcoLol. 

genation  of  omanthol  from 
castor  oiL 
Saponification  of  oU  offers- 

Octylic  alcohols, 

C^Hjr.OH    180'.19ir  ^ 

... 

cUnm  spond^iursi,  and  H. 

ftiaant€um.   Action  o(  hot 

1 

alkali  on  castor  oiL 

Xonylic  alcolioln, 

C,H,9.0H 

• 

... 

Normal  I'rimary 
l>ecylicalcoliol, 

CoHji.OH    119  at  15, 
millims.    i 
pressure. 

7C. 

Hydrogenation     of     capric 
aldehyde. 

.S*.-condarj'  Ilcn- 

C„H;..OH        l^if-      [ 

... 

Hydrogenation  of  oil  of  me. 

rlo^'.-ylic  alcoliol, 

lyiAtcyVv:  alcohols, 

C,2Hj5.0H'143*atl5 
.    millims. 

24c 

Hydrogenation     of     laoric   , 
aldehyde.                              < 

pressure. 

19" 

Signification  of  sperm  oiL 

!  Tridccylic  alcoliols, 

r,3H,7.  OH' 

... 

Normal  I'riniary 

CMH2y.OH.167'*atl5 

SS'* 

Hydrogenation    of  myiistic 
aldehyde. 

'JVtra/locyli.; 

millims. 

alcoliol, 

!  pressure. 

IV'Titailocylic  alco- 

CuHsi.OH 

... 

... 

holH, 

Normal  IVimary  \ 
il«!xa<le<;ylical'  r 
cohol,                   C 

Cetylic  alcohol,     ; 

C,cH33.0H 

189*0  at  15 
millims. 
pressure. 

49'*-5 

Hydrogenation    of   palmitic 
aldehyde. 

188".  193^ 

49" -2 

Saponificationof  spermacetL 

at  15  mm. 

... 

pressure. 

H*'i»ta<lccylic  al- 

CjyH-i.OH 

... 

... 

ffiholn, 

Normal  I'rimnry 

C.iUj.on 

210*-5  at 

59' 

Hydrogenation    of     stearic 

( )ct*Mlccylic  al- 

15millim8. 

aldehyde.     Saponification 

cohol, 

pressure. 

of  spermaceti    (in    small 
quantity). 

( 'rryli«  alcohol,    1 
IwMM.rylic  alcohol,  J 

(^j-HftsOH 

...  1 

79*' 
62' 

(  Chinese  wax. 
<  Carnauba  wax. 
Wax  of  Ficutt  Qum'mJIma. 

MyriiTylic alcohol,  \ 

iMotiiyrirylicalco-  > 

hnl?                          \ 

C-oHoi.OH 

85' 
72- 

Beeswax. 
Carnauba  wax. 
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Cetylic  Alcohol.  Anhydride.  Cetyl  Acotate.  Acetic  Add. 

C,«H,3.0H    +    (C2H30)jO    =    CicHas.O.CsHaO    +    C2H3O.OH 

Cetylic  AIcohoL  Acetic  Acid.  Cetyl  Acetate.  Water. 

C1CH33.OH    +   C,H30.0H'=   C1CH33 . 0 .  C0H3O    +    H2O 

The  compound  ethers  thus  produced  are,  in  turn,  readily 
saponified  by  alcoholic  potash,  and  from  the  amount  of  potash 
neutralised  during  the  operation  the  molecular  weight  of  the 
alcohol  is  deducible,  due  corrections  being  made  for  unsaponifi- 
able  matters,  <kc.,  if  present  (Chap,  viii.) 

Allylic  Series  of  Alcohols. — Alcohols  of  the  series 
CnHon -J.  OH,  derived  from  the  olefine  family  of  hydrocarbons 
of  formula  CnHja,  are  only  sparsely  represented  amongst  the 
derivatives  from  natural  products.  Acrolein  (ticrylic  aldehyde), 
C2H3.  CHO,  by  hydrogenation  yields  allylic  alcohol ^  OoH^.CHo.OH 
(also  obtainable  in  various  other  ways),  existing  as  a  thiocyanic 
ether  in  the  oils  of  black  mustard  seed,  horse  radish,  and  garlic  ; 
whilst  higher  homologues  are  probably  contained  amongst  the 
alcohols  of  the  previous  series  obtained  on  saponifying  sperm 
oil,  since  in  certain  cases  a  deficiency  of  hydrogen  is  observed 
on  analysis,  coupled  with  a  strongly  marked  tendency  to  com- 
bine directly  with  iodine,  indicating  the  presence  of  unsaturated 
compounds.  These  higher  alcohols,  however,  have  not  as  yet 
been  isolated  from  the  other  bodies  accompanying  them  in  a 
state  of  sufficient  purity  to  admit  of  their  formula  being  exactly 
determined.  Bomeoly  CjqHj^  .  OH,  occurs  in  the  camphor  of 
Dryobalanopa  campluyra,  and  to  a  small  extent  in  oil  of  valerian 
and  oil  of  rosemary. 

Alcohols  of  the  series  C„H2xi-s.  OH,  derived  from  the  CnH^^.g 
(acetylene)  series  of  hydrocarbons,  are  found  to  some  extent  in 
certain  essential  oils — e,g.,  geraniol,  CjQHjy .OH,  in  Indian  gera- 
nium oil.  This  appears  to  be  a  true  analogue  of  ethylic  and 
allylic  alcohols,  being  capable  of  yielding  })y  oxidation  an  alde- 
hyde and  a  monobasic  acid  (geranic  acid)  C^Hj^ .  COH  and 
CgHjj .  CO .  OH  respectively  :  no  substances  of  analogous  char- 
acter have  as  yet  been  isolated  from  fixed  oils  and  fats,  «fec. 

Phenol  and  its  Homologates. — Alcohols  derived  from  hydro- 
carbons still  poorer  in  hydrogen  are  occasionally  met  with  as 
constituents  of  natural  products  of  the  resinous  class,  or  as  sub- 
stcmces  formed  by  destructive  distillation ;  thus  the  hydrocar- 
bons of  the  benzene  family,  CnHj^^.^,  give  rise  to  two  such  classes 
of  alcohols,  both  indicated  by  the  general  formula  CnHj„.7.0H 
and  derived  from  the  same  parent  body,  plienol,  CgH^.  OH.  In 
the  one  class  (phenols  proper)  the  hydroxy  1  group  is  situated  in 
connection  with  the  "  benzene  nucleus  "  of  6  carbon  atoms  ;  and 
in  the  other  {henzylic  alcohol  series)  the  hydroxy  1  group  is  not 
situated  in  the  benzene  radicle,  but  in  one  of  the  *'  side  chains  '* 
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introduced  by  the   methylation  of  benzene   so  as  to   devmop 
homologous  hydrocarbons  ;  thus — 


FhC'DOlfl. 


Phenol  (carbolic  acid), 
Creaol  (metbyt  phenol), 

Xyleaol  (tlimethyl  phenol), 

Phloml  (ethyl  phenol). 


Benxjllc  Alcohol  Soriai. 


Benzylic  alcohol, 


CflHs .  OH 

^"^^^  {  OR 
jCH, 

(OH 


CcHj.CHj.OH 


XylyUc  alcohol, C6H4|-^!* 


Benj^I  carbinol, 


CHj ,  OH 
CeHi,CH».CH,  J 


,  of  the  phenol  cLoss  are  mostly  contained  in  the  tars 
om  the  destructive  distillation  of  coal,  wo<:»d,  kc. : 
henzt/Ue  alruM  is  contained  as  such  in  the  volatile  oil  of  cherry 
laurel,  and  in  the  form  of  a  compound  ether  in  Balaam  of  Peru 
and  Liquid  Stomx  ;  a  higher  honiologue,  s^yemf^rifllc  aicoftoi, 
CjgH-^i .  OH,  is  fcjimilarly  found  as  an  acetic  compound  ether  in 
the  resin  of  Fkmn  ritbitjinosa :  a-lactucerol  and  i3-iartuceroi^  are 
two  isomerides  thereof  contained  as  acetic  ethers  in  lettuce  juice. 
iJ7irbrtK'JiAd  (from  Quebracho  bark),  and  cupreoi  and  eincJwl 
(from  Cinchona  harka)  are  analogous  substances  isomeric  with 
4)ne  another  iiml  indicated  by  the  higher  homologous  formula^ 
C^qH,-;  ,  Oil  ;  wlulst  Phmol  (from  riuiseolus  i^u/gtiris)  is  a  lower 
homologue,  Cy^^  H,>;j.  OH.  All  these  substances  are  closely  akin 
to  ckohaUirof ^  mKhoh»teroIy  phrfionterol  and  paraphyUmteroly  alco- 
holiforni  substances  belonging  to  the  family  derived  from  the 
hydrocarlxtns,  C^Hn^.n,  and  occurring  in  various  fixed  oils  as 
noririal  eojistituents  dissolveil  in  the  glycerides,  ifcc,  constituting 
the  bulk  of  the  oils.  It  is  extremely  proljiible  that  other 
analogous  subsbinces  are  also  similarly  contained  in  oils^  itc, 
but  as  yet  this  Ikls  not  been  demonstrated  to  he  the  Ciise.  In 
the  husks  of  Fhiist>ohis  vulgaris  both  paraph ytosterol  and  phasol. 
Are  present ;  when  such  substances  occur  in  the  vicinity  of  oil**] 
containing  tissues^  obviously  any  process  applicable  for  the  exJ 
traction  of  the  oil  is  extremely  likely  to  dissolve  out  more  or] 
less  of  the  accompanying  alcoholiform  substances,  as  well  as  any 
other  substances  soluble  in  oil  that  may  happen  to  be  containe 
in  the  seeds,  dtc,  operated  upon. 

Cholesterol  Series   and   Analo^es*— Cholesterol  and   it 
isome rides  appear  to  be  homologues  ot  cinnamh  alco^wl,  C^,H,^.OH  ' 
^contained  in  storax  as  cinnamic  etber)^  indicated  by  the  formula 
CofiH^^  ■  ^^  'i  some  (cholesterol — long  known  as  a  bile  constituent 
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— and  isocholesterol)  chiefly  occur  in  oils,  <fec.,  of  animal  origin, 
such  as  whale  and  fish  oils  and  wooigrease ;  others  (phytosterol 
and  isophytosterol)  are  similarly  found  in  vegetable  oils,  such  as 
olive  oil.  Ambergris  and  castoreum  (from  the  Castor  beaver) 
also  appear  to  contain  related  substances  {ambreol  and  castorol 
respectively).  All  these  bodies,  like  the  sycocerylic  alcohol  and 
its  homologues  above  mentioned,  are  of  alcoholiform  character 
readily  yielding  acetic  and  benzoic  compound  ethers  (often  pf 
highly  crystalline  character,  and  readily  purified  in  consequencil), 
the  melting  points  of  which  are  characteristic.  Thus,  cholesterol 
heated  with  benzoic  anhydride  (preferably  in  a  sealed  tube  at 
200°)  forms  a  compound  ether  almost  insoluble  in  boiling  alcohol, 
but^  crystallisable  from  ether  in  right-angled  tables,  melting  at 
150°-15r.  The  following  table  illustrates  some  of  the  differences 
between  cholesterol  and  its  isomerides  : — 


Cholesterol,  .     . 
Isocholesterol,    . 
Phytosterol,  .     . 
Parapbytosterol, 

Melting  Point. 

Action  on  Polarised 
Light 

Melting  Point  of 
fienxoic  Ether. 

147° 
137''13S'* 

U9M50' 

L»vogyrate. 
Dextrogyrate. 
Lsevogyrate. 
Dextrogyrate. 

160^151' 
190'.19r 

When  dissolved  in  chloroform  and  treated  with  an  equal 
volume  of  sulphuric  acid,  cholesterol  yields  a  blood  red  colora- 
tion, soon  becoming  cherry  red  and  purplish,  penna^ent  for 
several  days;  the  acid  underlying  the  chloroform  solution  ex- 
hibits a  strong  green  fluorescence.  Phytosterol  gives  a  similar 
coloration,  becoming  a  bluish  red  on  standing  some  daysj  whilst 
isocholesterol  gives  no  colour  at  all.  On  treatment  with  ^tic 
anhydride,  compound  ethers  are  produced  in  each  case,  the 
''acetyl  number'*  of  which  is  135-5  (parts  of  caustic  potash, 
KOH,  neutralised  by  the  acetic  acid  developed  by  the  saponifica- 
tion of  1,000  parts  of  compound  ether.  Chap,  viii.);  the  corre- 
sponding values  for  the  similar  compound  ethers  obtained 
from  cetylic,  cerylic,  and  myricylic  alcohols  being  respectively 
197-5,  1281,  and  116-7. 

Another  substance  closely  akin  to  phytosterol  has  been  isolated 
from  the  seeds  of  Lupimis  lutevSy  ic,  lupeol,*  probably  indicated 
by  the  formula  CggH^gO,  containing  less  hydrogen  than  phyto- 
sterol ;  this  melts  at  204**,  is  dextrorotatory,  and  forms  benzoic 
and  acetic  ethers  melting  respectively  at  250''  and  230** ;  dissolved 
in  chloroform  and  treated  with  acetic  anhydride  and  sulphuric 
acid,  it  gives  a  reddish  coloration,  becoming  intensely  violet  red 
on  standing.  Several  other  substances  of  analogous  character 
appear  to  be  contained  in  various  vegetable  products — e,g,y  hydro- 

*  Likiemik,  Berichie  Deui.  Chem,  Oes,,  1891,  xxiv.,  pp.  ISSand  187. 
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candin  (earroXK).  pmnmckoUtternl  (Etkaiium  wepiycmm),  Jbc.,  kc ; 
but  their  oomiTence  in  oit-beaxing  seeds,  and  the  oils  thenoe 
o^jtAuiAble.  has  not  jec  been  substantiated. 

GLYCOLS. 

It  baa  been  shown  bj  Stuz^e  *  that  when  camanba  wax  is 
K^jonifif^l,  and  the  alcoholiform  constituents  thns  set  free  frac- 
tionated by  means  of  petroleum,  a  glycol  is  obtained  melting  at 
1 03 '5  to  103'S,  and  giving  numbers  on  analysis  agreeing  with 

I  ca   OH 

the  formula  C^H-^O^  or  C^H^  -  ^^  *  ^^:  this  product  evolTK 

eight  hydn^fgen  atoms  on  fusion  with  caustic  alkalies,  fbniuii|i^ 
an  acirl  of  the  oxalic  series,  thus — 


.,   „      /CH..OH   .   .^x^oTT   ^  in        r  IT    JCO.ONa 

ust  ari  cerj-lic  alcohol  and  similar  bodies  evolve  four  hydrogei 
loms  (p.  1 3),  forming  an  acid  of  the  stearic  series,  thus — 

CyMr^.CH^.Cm  -^  NaOH  =  '2IL.  ^  C.^H^ .  CO .  ONa. 


CHAPTER   IIL 

SAPONIFICATION   PRODUCTS  OF  OILS,   FATS, 
WAXES,  &c. 

FATTY  ACIDS. 

It  is  a  remarkable  ihct  that  all  known  compound  ethers  con- 
tained in  natural  fixed  oils  and  fats,  <fec.,  invariably  give  rise  on 
saponification  to  monobasic  acids  only,  dibasic  acids  (like  oxalic 
acid),  and  acids  of  still  higher  basicity  lieing  conspicuous  by  their 
absence  from  the  products  thus  formed,  although  in  many  cases 
readily  obtainable  from  these  products  by  simple  operations  in 
the  laooratory. 

At  least  six  different  families  of  monolmsic  acids  are  repre- 
sented amongst  the  saponification  products  of  fixed  oils,  A'c,  four 
of  which  are  included  in  the  general  formula,  C^Ho,.  ^^ .  CO  .  OH; 
according  as  m  =  n,  or  =  n  +  1,  n  +  2,  or  n  +  3,  this  general 
formula  represents  the  following  families  : — 

Formula  of  Add.  I  Family. 

CmHf  „  +  1 .  CO .  OH  J  Acetic  (or  stearic)  series. 

CniHfnj  -  1 .  CO .  OH  Acrylic  (or  oleic)  Beries. 

CmHjM  -  3 .  CO .  OH  i  Propiolic  (or  linolic)  Beriea. 

CuiHsui  -  5 .  CO .  OH  !  Linolcnic  scries. 

♦  AnneUen  der  Chemie,  i»p.  223-2S3  ;  also  in  abstract,  Journal  Soc,  Chcwu 
Induitrp.  1884,  p.  448. 
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Two  other  families  are  more  highly  oxidised,  being  included  in 

QTT ;  according  as  m  =  n  or 


{OH 
CO 


=  n  +  1  the  following  two  families  result : — 


Formula  of  Acid. 

CmH; 


/OH. 
*"-  »\CO.OH. 


Family. 
()xyacetic(oxystearic  or  glycollic) 

series. 
Oxyacrylic  (oxyoleic  or  ricinoleic) 

series. 


In  addition  to  these  six  leading  families  of  monolmsic  acids,  re- 
presentatives of  several  others  are  obtainable  by  saponification 
from  various  essential  oils  and  allied  products  ;  whilst  by  gentle 
oxidation  processes  or  other  reactions  several  different  kinds  of 
more  oxidised  monobasic  acids  are  readily  formed  from  the 
normal  "fatty  acids"  derived  from  natural  fixed  oils,  «kc.  Thus 
for  example : — 


Formula  of  Acid. 


Family. 


CnHtm  -  7  .  CO  .  OH     Benzoic  series 


CmHjrt 

CmHfBk  . 

CmH^m  • 
CmHjiu  . 
CmH^B 


9  .   CO  .  OH     Cinnamic  scries 


/OH 
»  \CO.OH 

(OH 
I  ]OH 
(CO.  OH 

rcoH), 

« \CO.OH 

r(0H)4 

3  \C0.0H 

f  (0H)« 
«  ICO.OH 


Oxybenzoic  (salicylic) 
series 

Glyceric  (dioxystcaric) 
series 

Erythroglucic      (tri- 
oxystearic)  series 

Tetroxystearic  series 
Hexoxystearic  series 


Examples  and  Sonr^ea. 


[  Benzoic  and  toluic  pcids,  &c.  ; 
\    from  gum  benzoin,  balsam  of 

iTolu,  dragon's  blood,  storax, 
oil  of  bitter  almonds,  &c. 
!  Cinnamic  acid  ;  from  oil  of 
cinnamon,  cassia,  storax, 
balsam  of  Tolu,  &c. 
{Salicylic  acid ;  from  gaul- 
theria  oil,  &c. 

(  Oxidation  of  oleic  acid  and 

<    isomerides  and  homologncs 

/    thereof. 

(  CigHscO.s ;  from  oxidation  of 

^    ricinoleic  acid  and  its  iso- 

(    merides. 

/  CigHsoOs  (sativic  acid) ;  from 

\   oxidation  of  linolic  acid. 

(  CigHsfiOg  (linusic  acid) ;  from 
(    oxidation  of  linolcnic  acid. 


ACETIC  FAMILY  OF  FATTY  ACIDS. 

The  following  table  denotes  the  leading  acids  of  the  acetic 
family  (general  formula  C„H.^Oo  =  C^Hgn,  +i .  CO .  OH)  derived 
from  fixed  oOs,  waxes,  essential  oils,  and  similar  sources  :  in 
addition  numerous  isomeric  modifications  of  many  of  the  acids 
are  known,  obtained  artificially  by  synthetic  and  other  laboratory 
operations  : — 
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1 

rttaah. 

XMwolAeld. 

WkA 

mSl 

Sootvev 

CRtOi 

FoTfnk, 

lore 

8-C 

Ants;  nettles. 

CiH,0, 

Acetic, 

iir 

IT 

Acetous  ienneo  tatioo ;  oil 
of  oow  penaeii,    and 
Tariona  other  Gaaentul 
oila. 

C,H,0. 

Propionic    or 
Tntylte, 

^      140* 

"•" 

Oxidation     of     propylk 
alcohol    from    fermen- 
tated  fusel  oil. 

C4H,0, 

Normal  Butyric, 

ler 

-y 

Cow's  butter;    perspum' 
tion ;  oil  of  cow  parsnep. 

Uobatjhc^ 

issr 

"' 

Oxidation    of    isobutylM 
alcohol  from  fusel  oil  j 
Koman  chamomile  oil 

• 

C«H|«Ot 

Vileric  or  Pen- 

iis'-issr 

■  >> 

Sevendiaomc  rides  known.  , 

toic, 

Valerian  root;    Isova- 

leric acid  from    fat  of 

Delphitium  Phofana, 

C,H,sO, 

C  ji  p  r  o i c      or 
Hexoic, 

200' 

-0^ 

Isohexoic  acid  (isobatyl*.  J 
acetic  acid)  from  cow*i^H 
butter    and    rx>keraiit^| 

205" 

-r-5 

Normal   bexoic  acid,   *^^| 
octylic  ether  in  oil  fl^^| 
J/fradeum.                      ^B 

CrHuO, 

(Enantliic    or 
Hc|>toic, 

222* 

-lO'-j 

Noriual  acid  by  oxidatioa^^B 
of  a*£iant  bol  from  castor ^^H 
Oil  1    wine  fusel  oil         ^H 

C,H,.0, 

Caprylic    or 
Octoicj 

238'' 

15* 

Isoprimary     acid      fron^H 
cokerniit  oil  and  bnttei^VB 
Li m burg  cheese.              f 

C.H„0, 

Pelargooic      or 
Etinoic, 

254- 

ir 

Xcin:ml  add  from  oil  of  i 
Pefarrjoniutn    ro$eitm; 
ojid  oxidation  of  oil  of 
rue  and  beetroot  fusel  oil 

CjoUioOt 

CapricorDecoic, 

269' 

30* 

H  iitttjr  ;      cokemut    oil ; 
pmpe  fusel  oil. 

CnHjjOt 

Heudecoic       or 

228-^ at  ICO 

28' '5 

Hydro^euatioii  of  Henda. 

Undecylic. 

minim  a. 
pr^iaure. 

ceuoic  acid  from  disitl* 
lutiou  of  ciLstor  oil. 

-* 

35* 

Coeinic  acid  (?)  in  coker- 
nut  nil. 

••• 

Near  23* 

Umbullulic  acid  (?)  IhiiD 
chaulmooera  otl. 

CitUitO, 

Laaric  or  Doile- 

225*atlOO 

44* 

Laurel     butter    (CnuruM  i 

coic, 

millitns. 
prewure. 

nobi/iJi) :  Fichu  rim  bean 
fat ;       cokeraut      oil ; 
jmlm  kerntd  nil. 

CuHifcOa 

Tridecoio, 

••• 

... 

Supposed  to  be  contained  .  _ 
in  cokemut  oil ;  doubt-  Ifl 

i 

MyrUtk, 

250"  At  100 
mUliina. 

preagorc. 

64' 

Nulnie^  butter  ;    coker-  J^M 
nut  oil ;  dika  fat ;  cro-  [H 
ton  oil;  spermacetL       J^M 

^'lfH«0*^8 

r<?ntftdecoit% 

55*      ' 

(?)  Oil  of  Jatrophacureas,  jM 

J 
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Fonnulft. 


Name  of  AcitL 


Boiling 
Point 


(^isHsoOf  I  Pentadecoic, 


CifiHsfOs   I  Palmitic, 


CKH34O2   ..  Margaric, 


i    27r-5 
at  100 
'    millims. 
I  pressure. 


C20H40O2 

CjiHijOj 
C2SH44O2 

Cj3H4«02 

C24H48OJ 


Daturic, 

Stearic, 


Enneadecoic, 


29ratioo; 

!  millims.    | 
'■  pressnre. 


Arachic  (or  Ara-  j 
chiclic);Butic,  ; 


Benic  or  Beni- 
stearic, 


I 

;  Lignooehc, 
Camaubic, 


^is^soOt  I  Hyaenic, 

^'jcH5t02  

C2:H5402  '  Cerotic, 

^'28^5602  I  

C20H58O2  

^'aoHco02  i  Melissic, 

C3lHrt202  ; 

^c4H|2s02  !  Theohromic, 


Melting 
Point. 

SonrceR. 

53' -5 

Cetic  acid  (? )  from  aper- 

maceti. 

53- 

Beoomargaric      acid    (?) 

from  oil  of  Ben.     Stilli- 

stearic    acid  (?)    from 

StiU'mgia  aehifera. 

er 

Palm    oil     One    of    the 

constituents    of    most 

animal  fats.     Sperma- 

ceti;  beeswax;   Japan   ■ 

wax. 

60' 

From  cetyl  cyanide ;  for- 

merly supposed  to  be 
contained    in    certain 

fats. 

55' 

From     oil     of    Datura 

Strammonium. 

69^-2 

Tallow,   lard,   and  most 

animal  solid  iats  ;  Shea 

butter ;  Illip<5  fat. 

66"* 

From  stearyl  cyanide  (?) 

obtained    along    with 

artificial  margaric  acid. 

75"* 

Earthnut    oil     {Arachis 

hypogoRo) ;     butter  (?) 

(Heintz). 

:2'r> 

Mednllic    acid  (?)    from 

beef  marrow. 

76' 

Oil  of  Ben ;  black  mustard 

seed  oil ;  rape  oil. 

sv' 

Earthnut    oil ;      beech- 

wood  tar. 

72'' 0      , 

( 'amauba  wax.    ^^^ 

46^         1 

Paraffinic  acid   (?)   from 

paraffin  wax  and  nitric 
acid. 
Hyaena  fat. 

78' 

... 

Geoceric  acid  (?)  from  dis- 

tillation of  brown  coal. 

78' 

Beeswax;  Camauba  wax; 

Chinese  wax. 

SS"'      : 

Oxi<lation    of    myricylic 

alcohol  from  beeswax. 

72^"      , 

Cacao  butter. 

The  fonnulae  ascribed  to  several  of  the  acids  named  in  the  pre- 
ceding table  can  hardly  be  regarded  as  established  with  perfect 
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certainty  ;  tliUH  the  i^mw/j"  arltL  t^'nIL^j'^Mt  f<^>i*uit*rly  t? apposed  to 
be  contained  in  cokenmt  oil,  iipptvjtra  fionr  laUT  reMearcbea  to 
l>e  in  all  proliability  only  a  mixture  of  other  iicids  of  the  series; 
and  the  naiiie  remark  a|)j>lies  to  tlic^  iridecok  aciV/,  CJi^HrtjjO^, 
from  the  same  wource^  which  appears  to  be  simply  a  mixtu: 
of  hiurie  and  myristic  acids.  Similarly,  rctic  arld^  ^l:^^3o^ 
and  the  isomeric  (?)  hf^ufmiajy/nric  and  Fiiliialearic  acids  are  \ei 
(ioubtfid  l>oth*e8  J  tlie  la.Ht  ha^  been  static!  by  later  observers 
be  simpU'  palmitic  acid,  and  Ix^nomargaric  acid  to  be  a  inixtu 
of  palmitic  and  mytistic  acids.  The  nmrf/nHf  aciti,  C^^-Hj^O^ 
formerly  regarded  as  present  in  animiil  fats,  has  been  sin< 
nhowii  to  consist  of  a  mixture  of  stearic  and  jmlmitic  aci( 
and  more  or  less  oleic  acid.*  Again^  the  compositions  aiscribe4' 
to  medtiUic  mid^  ^-zi^^^f^i*^  hyrrniv  avit/^  CVH^^U^ ;  fffoceriis 
fwid,  C.y^r,^0^,  and  (hmbromlv  ftrirf^  ^'^A^-i^^^^A'  require  oon- 
lirmation  as  re£card.s  the  individual  character  and  purity  of 
these  subatanees.  Of  those  acids  where  the  carbuii  jiresent 
lies  l>etween  C,fj  and  0^-,  it  is  noticeable  that  those  of  most 
frequent  and  widely-spreiid  occurrence,  and  of  which  the  com- 
[lositions  are  ascertained  with  certainty,  always  contain  a9^| 
t'uen  Jiumber  of  carbon  atoms;  so  that  it  has  been  suppose^H 
tiy  some  chemists  that  acids  containing  an  odfl  number  of 
carlxjn  atoms  do  not  actually  occur  as  glycerides  amongst  the 
mitural  oils  and  fats,  ami  that  the  Indies  8upp<»sed  to  possess 
such  a  contposition  are  really  either  nnxtui'es  of  glycerides  with 
liven  nundx^rs  of  cariMni  atoms,  or  substances  rendered  otherwise 
impure.  ^1  //rw>ri\  however,  there  iseems  no  reason  for  doubting 
the  possibility  of  the  existence  in  nature  of  glycerides  of  iicids 
containing  an  mid  ntiniber  of  carbon  atoms. 

In  the  C4ise  of  butter  fat,  cukernut  oil,  and  some  few  other 
substances,  fatty  acids  of  low  molecular  weight  (i.-?.,  where  n  ill 
the  general  formula  Ct,H.„t>«  is   of  low    value),  are   present 
some  notable  extent ;  but,  as  a  ^'cneral  rule,  natural  oils  and  fats 
rarely  yield  fatty  acids  of  this  description  where  n  has  a  smaller 
value  than  13.     Inasmuch  as  the  lower  memljers  of  the  acetic 
^icid  family  are  comjKiratively  easily   volatile   (especially  along 
with   water  va]x>ur),   whilst    the   higher  ones  are  almost    non 
volatile   with  ordinary  steam,  this  practically   means  that  th 
fatty  acids  fix>m  most  fata  and  oils  iW//  not  rcadi/if  distil  ijy  th 
itid  of  tiioiM  steam^   whilst  a  certain  prt^poi-tion  of  nifjre  easili 
vtjlatile  acids  is  contained  in  the  mixture  of  acids  <»l)tained  froa 
butter  fat  and  cokernut  oil,  *tc.     This  distinction  is  utilised 
certfiin  cases  as  a  meaoH  of  testing  the  quality  of  such  substanc 

*  The  tnargarino  or  oleomargarine  used   aa   a  hutter  Buhstitute  is 
^.^nlialiy  tv  mixture  of  the  glycerides  of  stearic  and  palojitic  acids  wi! 
sufiicieut  olcin  tu  give  it  ita  Aoft  texture. 

t  (iraf  wax  unuhic  to  find  any  tkcobromic  acid  in  Civcaf^  hutter  [An 
Phfinn.,  imS,  20,  p.  SHO). 
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is  adulte ration  z&nd  admixture  with  cheiLper  forms  of 
tty ^natter  (Reichert's  test,  vide  Chap.  Tin,) 
The  fatty  acitis  of  the  acetic  series  differ  corusidenibly  iti  their 
ective  degrees  of  solubility  in  water  ;  the  lowest  iiienib4}rs — 
aic,  acetic,  propionic,  and  butyric  acidn — are  miscible  with 
water  in  all  pi-oportions;  the  highest  memberSj  including  myristic 
|au!id  and  all  above  it^  are  quite  insoluble  in  water;  the  inter- 
mediate acids  exhi1)it  a  degree  of  solubility  the  greater  the 
lower  the  molecular  weight ;  thus  caprylic  acid  disFsolves  iji  400 
j>arts  of  boiling  water,  and  capric  acid  in  about  1000  parts,  both 
stly  separating  gut  again  on  cooling;  whilst  lauric  acid  is 
St  insoluble  in  cold  water,  though  sparingly  dissolved  by 
ling  water- 
Alcohol^  especially  when  warm,  readily  dissolves  even  the 
'  liighest  members  of  the  series ;  inasmuch  as  the  glycerides  of 
these  acidi*  are,  as  a  rule,  almost  insoluble  in  alcohol,  this  pro- 
perty affords  a  method  of  separating  the  free  fatty  acids  con- 
tained in  natural  oils,  Jfc,  from  the  glycerides,  the  nil  being 
Jiimply  agitated  with  alcohol  and  allowed  to  stand  no  as  to 
.separate  the  alcfiholic  solution  of  fatty  acifls  from  the  unaffected 
glycerides.  Alcohol  containing  only  a  minute  quantit  y  nf  a  free 
fatty  acid  exlubits  an  acid  reaeiion  to  phenol phthalein,  and  can 
«\ccorflingly  be  reiKlily  titrated  voiu metrically  by  means  of  a 
weak  standard  alkaline  solution  in  presence  of  that  imlicat<:»r: 
<m  this  alsii  is  b:ised  the  general  niethrKJ  of  determining  the 
aimount  of  fatty  acid  salt  formed  on  saponifying  a  glyceride  or 
|«}ther  compound  ether  by  an  alkali  (Chnp,  vin.)  The  highest 
iicidn  of  the  series  are  not  extremely  soluble  in  cold  alcohol,  ao 
[  that  they  are  readily  crystallisable  froiu  that  menstrum. 

The  norma!  salts  *»f  acick  of  the  acetic  family  are  indicated  by 

I  the  general  formula  C^H^..^^ .  CO,  OM,   where  M    is   a  monad 

1  metal  r  acids  salt**  of  formula  C.^U.,^  i*XM,  0,JL>„(1,  can  in  some 

cjtfies  be  pro<luced — r.tj.^  scKlium  disicetate,  tXH,.NaO..,   CH^O^ ; 

lj)OtttS8ium  distcaratCj  C,^Tl3r,K<X,  C^^H.^^0.;,     Salti  of  this  kind 

'  when  dissolved  in  hot  alcohol  react  at?id   w^ith  phenol phtbaleio, 

and   liehave  toward   alkaline  solutions   on   titrjition    with    that 

indic-sitor  precisely  as  mixtures  of  the  free  aeitl  and  the  neutral 

HaUt 

In  certain  eases  tlie  neutral  alkali  salts  are  partly  hydrolysed 
I  by  solution  in  water  with  fi>rmation  of  aci<l  salt  and  caustic 
iilkali :  thus  with  neutral  sotlium  stearate. 


By  adding  common  salt  to  the  lluid,  the  latter  compound  and 
the  unaltered  neutral  salt  are  Uirown  out  of  solution  j  on  collec- 
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tioii  by  filtration  and  solution  in  alcohol  and  titi*ation  an  amount 
of  acidity  is  registered  precisely  equivalent  to  the  alkalinity 
of  the  wat^ery  fluid.  On  the  occurrence  of  this  phenomenon 
depends  a  good  deal  of  the  eleansini;  propertien  of  soaps,  the 
action  being  also  observable  with  the  alkali  salts  of  oleic  and 
riciiioleic  acids  to  approximately  the  same  extent  as  with  those 
of  palmitic  and  stearic  acids  (Chap,  xxii.) 


ACRYLIC*  (OLEIC)  FAMILY  UF  FATTY  ACIDS, 

The  tutaJ  nundier  of  acids  of  general  formula  C„H.^„_|.GO.  OH 
now  known  is  somewhat  considerable ;  as  with  the  acetic 
family,  only  a  comparatively  small  numtier  of  them  are  con- 
tained in  natural  fata,  &a,  and  of  these  but  few  are  of  relati%*ely 
low  nnolecuiar  weight  so  asi  to  be  readily  volatile.  The  table  on 
page  lI5  ex bi bits  tbe  more  important  acids  of  this  class. 

Aa  in  the  aisv  of  the  acetic  family  f>f  acids,  the  existence  of 
certain  inemlMM^s  mentioned  in  the  t^iible  is  not  yet  established 
with  perfect  certainty;  thus  ffamalnric  acif/  is  a  substance  the 
existence  of  which  requires  confirmation  ;  and  similarly  with 
the  uhlrptdmitir  fund  recently  stated  by  Wanklyn  to  be  a 
constituent  af  cow's  huftcr'"^  The  existence  of  bypogieic 
iH^id  baa  been  deniixl  by  tScbon,  vvhc»  !ound  the  only  ^icid  of 
the  acrylic  series  present  in  eartlnnit  oil  to  lie  oleic  acid 
*Similarly»  moringic  acid  has  lieen  statetl  by  m<jre  recent  ex- 
perimenters to  be  tsiniply  impure  oleic  acid;  and  the  same  kind 
of  thing  is  said  by  fc^chadler  to  apply  to  doeglic  acid  this  being 
reganleil  by  him  as  simply  impure  pbysetoleic  acid. 

The  unsaturated  naturi;  of  the  iiydrtK^arU^ns  from  which  this 
group  of  fatty  acids  are  deriAcd  leads  to  their  |>osses«ion  of  some 
peculiar  features  ;  thus,  when  beated  with  fused  alkali  ^caustic 
potash),  tliere  is  a  tesntiency  to  uiulergo  a  change  indicated  by 
the  general  equation  ;- — ^ 

C«  +  aHacm  +  n  -  n0^2  +  *iKOH  ~-  K  .  (  .Jt... . lOj  +  K-CaHoo  ^lO.  +  H, 

the  potassium  salts  of  tuio  acids  ofth*'.  a^f^ftlc/amih/  being  formed 
idong  with  free  hydrogen.  In  virtue  of  this  tendency,  oleic  acid, 
when  tbus  treated,  forms  palmitic  and  acetic  acids,  a  circumstance 
utiliseil  in  pra«*tica)  manufiicture* 

Oleic  Aiitd.       Canntic  FoUub.      I*mp»i,s*Iii«i  IVImilAte.       VotA^slwm  AccUte. 
CisHsiO,!     -f     2K0H     =     K.LV.H31UJ     -f     K.CsH^Oj     +     Hj 

Again,  inasmuch  as  the  unsatunited  hydrocarbons  have  a  more 
or  IcFH  marked  tendency  to  combine  directly  with  halogens  (and 

I  *  Joum,  Sac.  Chew.  IntL,  Feb.  ImOK  p.  SO.  J 
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80  pass  into  the  series  of  substitution  derivatives  of  the  satu- 
rated hydrocarbons),  the  same  tendency  is  shared  by  the  fatty 


FormalA. 

Name  of  Acid. 

Boiling  Point 

MelUng 
Point 

Sonrces. 
Oxidation  of  acrolein  from 

C5H4O2 

Acrylic, 

140"C. 

8'C. 

glycerol. 

C4HSOJ 

Crotonic, 

185* 

720 

From  cyanide  of  allyl  (de- 
rived from  oil  of  mustard ). 

CsHgO, 

Angelic, 

IBS'* 

45' 

Angelica  root.  Surobul  root 
resin. 

Tiglic, 

196** 

64' 

Oil  of  Chamomile.     Croton 

oil. 
Action  of  heat  on  terebic  acid 

C,H,oOj 

Pyroterebic, 

210' 

from  oil  of  turpentine  and 

nitric  acid. 

CtH„0, 

... 

53° 

Damaluric  acid?  (from  cow's 
and  horse's  urine). 

CgHuO, 

Octenoic, 

C,H,60, 

finnenoic. 

... 

liquid. 

CEnanthol  (from  castor  oil) 
and  acetic  anhydride. 

Phoronio, 

169' 

Oxidationof  sodium  camphor. 

CioHijOz 

Decenoic, 

242*'269'' 

10^-86' 

Several  isomeric  modihca- 
tions  known  ;  all  of  arti- 
ficial origin. 

C„H,oO, 

Hendecenoic, 

275' 

24' -5 

Castor  oil  distilled   under 
diminished  pressure. 

Petroleumic, 

250'.260' 

Contained  in  petroleum. 

C„H„0, 

Dodecenoic, 

liquid. 

Artificial. 

^l»H240j 

Tridecenoic, 

... 

...                ... 

CuHjeOa 

Tetradecenoic, 

••• 

CisHinOi 

Moringic, 

0' 

Oil  of  Ben. 

Cimicic, 

44' 

Foetid  oil  from  UaphigaHler 
punctipennis. 

CieHjoOj 

Phyaetoleic, 

30' 

Sperm  oil. 

Hypogaic, 

34' 
50' 

Earthnut  oil  {Arachis  hypo- 

gtxa), 
Aldepalmitic  acid(?)   from 

butter. 

CitHmO, 

Heptadecenoic, 

CigHsiOj 

Oleic, 

286'  at  100 

14' 

Contained  as   ^lyceride  in 
most    animal    fats    and 

millims. 

pressure. 

many  vegetable  oils. 

Isoleic, 

44'.45' 

Distillation    of    oxystearic 
acid. 

Stearidic, 

35' 

Action  of  water  on  silver 
bromostearate. 

C19H3CO3 

Doeglic, 

... 

A  little 
above  0° 

Oil    from  doegling   (bottle- 
nose  whale). 

CioHjgO, 

••• 

«•. 

C«H4oO, 

... 

... 

... 

C„H„0, 

Erucic, 

254"o  at 
10  milliins. 
pressure. 

34' 

Colza,     grape    seed,     and 
mustard  oils. 
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acids  derived  from  theni ;  tlius  the  liydmcArl^oii  ethylene,  i 
long  been   known,  combinehj  ilirectly  with  chlorine^  forming 
oily  iluid/""  (jriginally  known  as   '^  l>utch   liquid/'   the    reaction 
being 

Etbyloae.  Chlonn".         Ktlij^leue  DltthloHle. 

H2C  =  CHm     +     Cla     -     HaClC  -  CaH^ 


beinii 


In   the  same  kind  of  \\ii\\  uleie  iieid  and  it«  congenerM,  _ 

derivatives  ui^  ethylene  of  general  fi>rmiil!i  R.CH  =  OH.S,  I 
will  directly  combiiie  with  br^nnine  ur  iodine  ifi  parallel  fiishion,  i 
forming  clil>miuo-,  ur  diiodosubstitution  derivatives  of  acids  of 
the  acetic  family  of  form  II .  OlllJr  -  OH  Dr.  S  ;  thus — 

Oloic  Aold.  Iodine  Dilodostearle  AcUH, 

This  reaction  is  ntdised  as  a  convenient  nietbofl  nf  dis- 
tinguishing^ fr*»m  one  another  acids  tlenved  respectively  from 
saturateti  hydrociirbtms.  and  from  unsaturated  bydrrx'ar- 
Ixms  of  the  oleHne  series,  the  former  not  combining  with 
halogens,  and  the  latter  uniting  therewith  iji  the  prf>portion  of 
one  molecule  of  fjitty  acid  tf»  two  atoms  of  halogen.  Accord- 
ingly, the  measurement  of  tlie  iniantity  of  iodine  or  bromine  1 
thus  fixed  (**  iodine  absorptinn  equivalent/'  or  *Mjromine  ab*l 
sorption  ecjuivalent")  often  gives  useful  infonnation  as  to  the 
nature  of  the  fatty  acid  <  n-  acids  present ;  and  the  same  remark 
equally  applies  to  the  glycerifU\s  themselves,  which  also  combind 
with  baiogens  in  parallel  fashion,  r.y,  : — 


Oiain^niytserltleor 
Okslo  AoliL 

CaHfi{Ci8HM0<j);i 


lodmf*.  Mte«rio  Ad  J. 

31.      =      CsH,(C,«H„I.Os), 


In  just  the  same  kind  of  way  certain  njc'idfi  of  the  aery  lie  family 
can  directly  combine  with  nascent  hydrogen  prrwhiced  under 
ap»propriate  conditions^  beciiming  tbereby  converteil  into  acids  of 
the  acetic  fannl}',  th(*  genera!  reactitni  expressing  the  change 
being — 


Thus  oleic  ficid  fornis  stearic  aeith   \shen  heatetl  iji   a  8eal< 
tube  with  fuming  hydriodic  acid  and  phosphorus.     By  reversing 
the  process,  an  acetic  iwld  becotnes  transformed  into  an  acrylic 
acid.      In    practice   the    diret-t    removal    of   hydrogen  after  this 
fashion  is  dilKcult  to  accomiihsh  ;  Imt  in  certain  eases  it  may 
effected  by  acting  on  the  acid  of  the  acetic  fannly   with  ehloriiK 
or  iodine  or  bromine,  so  as  to  produce  a  monochloro-,  iodo-,  01 
bromosuhatitution  derivative;  by  treating  this  witli  alkalie-S,  <fcc. 

*  Whence  the  f^ld  nanic  ol^Jiant  Qfit  lot  etbylene^  signifying  **oil  making 
gas. 


leS^ 
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the  elements  of  HCl,  HI,  or  HBr  are  eliminated,  leaving  an  acid 
of  the  acrylic  series. 

Thus  acrylic  acid  itself  is  formed  from  iodupropionic  acid  thus, 

lodopropionic  Acid.  Acrylic  Add. 

CsHsIO,     -     HI     =     QH^nj 

the  elimination  of  the  elements  of  hydriodic  acid  being  brouglit 
about  by  treatment  with  sodium  cthylate,  lead  oxide,  or  similai- 
basic  substances. 

In  other  cases  a  dibromo-  or  dichlorosubstitution  derivative  of 
an  acid  of  the  acetic  family  is  acted  upon  with  zinc  dust,  or  other 
substance  having  a  strong  tendency  to  combine  with  halogens ; 
thus  dibromopropionic  acid  and  zinc  dust  form  acrylic  acid. 

Dibromopropionlc  Acid.  Acryiie  Acid. 

C3H4Br20s     -     Br,     =     C3H4OJ 

In  this  way  the  dibrominated  and  diiodised  products  obtained 
by  adding  Br^  or  lo  to  the  higher  acrylic  acids  can  be  made  to 
reproduce  the  original  acid.  This  reaction  is  utilised  in  the 
examination  of  oils,  <fec.,  containing  the  glycerides  of  unsaturated 
acids  ;  bromine  addition  products  are  formed  and  separated  from 
one  another  by  crystallisation,  (fee,  and  then  debrominated  so  as 
to  reproduce  the  original  acids,  which  can  thus  be  indirectly 
separated  from  one  another  in  a  fashion  usually  impracticabh^ 
with  the  actual  acids  themselves. 

Acrylic  acids,  at  any  rate  in  certain  cases,  combine  directly 
with  sulphuric  acid,  forming  saturated  compound  sulphuric  aciiis 
analogous  to  ethylsulphuric  acid  (sulphovinio  acid) ;  thus— 

Oleic  Acid.  Sulphnric  Acid.  Oxystoarosulphuric  Acid, 

C,rH33.CO.OH     -i-     S0,(0H)2     =     CkHs*!^^'^^!^  ^" 

By  the  action  of  water,  tkc,  on  the  compounds  thus  formed, 
hydrolysis  is  brought  alx)ut,  with  the  formation  of  sulpluiric  acid 
and  an  acid  of  the  oxyacetic  (glycoUic)  family  ;  tlius — 

t.ixystearusulpharic  Acid.  Water.  Sniphuric  Acid.  Oxystcaric  AciiL 

These  reactions,  especially  the  first,  arc  utilised  in  the  pro- 
duction of  certain  kinds  of  "Turkey  rod  oils;"  obviously  tho 
.sum  of  the  two  changes  is  equivalent  to  the  addition  to  an 
jicrylic  acid  of  the  elements  of  water. 

The  dibromides  of  acids  of  the  oleic  series,  wlien  treated 
witli  silver  hydroxide,  «kc.,  form  silver  bromide  together  with 
glyceric  acids — i.e.,  dioxy  acids  of  the  acetic  series  : — 

CnH^.ij^'j.OH     +   2AgOH    =    2AgBr     H  C„H...i   {[^^^^y 
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By  the  retxulntod  fiction  f if  caustic  pot.asli»  tbey  luse  successively 
HBr  and  2HBr,  iVinning  m  the  ant"  cnae  hrmnohJc  acid  or  a 
homologue  thereof,  mid  in  the  other  case  a  propiolic  acid — 


HBr    =  Cu  H^. 


2HBr   =  C.  H;n-:i.CO.OH 


A  reinurkjibk*  pn>perty  possessed  by  iimny  acids  of  the  oleic 
&.mily  is  that  cont^ict  with  certjxin  reagents;,  more  especially 
nitrous  acid,  converts  theui  into  isomeric  nnxlifi cations  of  higher 
fusing  ami  Wjiliiig  points,  so  that  acids  liquid  at  the  ordinary 
tf^iiiperature  becoiut*  transferred  into  solids.  This  eSect  is  also 
produced  with  tlip  natural  glyeerides  of  these  ileitis,  forming 
a  reaction  largely  utilised  in  testing  the  purity  of  certain  oils 
(Chap.  vii).  t)leir  ricifl,  lirpiid  at  ordinary  temperatures,  thus 
liectuues  t^/niflir  arlt^^  melting  at  45^,  hy  cootiact  ivith  nitrous 
acid  ;  and  its  glycerifle,  olein,  fluid  at  O"",  is  similarly  converteci 
into  f'itiidiii,  melting  at  32*;  whence  the  term  **  Ehiidin  reaction" 
applied  to  this  nitrous  acid  test.  In  similar  fashion  erucic 
acid,  melting  at  34",  is  changed  into  brassaidic  or  hra^ic*  acid^ 
fusing  at  60" ;  whilst  parallel  changes  are  undergone  by  bypo- 
gspic  and  physetoleic  acids. 

Elaidic  acid  and  the  sindlarly  altered  other  aeids  of  this  cla.ss 
can  be  distiller  I  unchanged  under  diminished  pressure,  not  being 
thereby  c^m  verted  \mc\z  again  into  the  original  acids  ;  for  a  given 
pressure  the  l>f>jling  point  is  always  slightly  higher  than  that  of 
the  original  acifl  :  thus  Krafft  and  Xoerdlingerf  obtaineil  the 
ft il lowing  numbers.     (See  Table,  p.  29.) 

The  iiaturt?  of  tin'  chennciil  change  ensuing  during  the  elaidin 
reaction  is  somewhat  uncertain.  By  fusion  with  caustic  potash 
both  oleic  and  elaidic  acids  yield  acetate  and  palmitate  :  on  the 
other  hand,  lr»y  oxidation  with  alkaline  permanganate  they  form 
two  different  dioxyntearic  iuuds,  melting  respectively  at  i36°*5 
(solidifying  at  119^}  and  90^-100^  (solidifying  at  85^86  ^Saytzeff). 
8inularly  erucic  and  liras.sic  (bnissaidic)  acids  give  rise  to  two 
different  dioxybenic  ju-ids  on  oxidation,  as  well  as  different 
derivatives  of  other  kinds, 

*  The  tDFtn  "  l>ni*i»ic  avuX  "  {hrtuitirfi  murf)  was  originally  appUed  to  tlie 
acid.  Cj^H^^O^*,  obtain*  d  from  various  Hj>ecioB  of  Bramka^  there  being  at 
that  time  Mime  doubt  whether  "erucic  acid"  obtained  from  other  ana- 
logoiia  Bourees  was  or  was  not  identical  there w it h»  Later  on  the  identity 
waa  eatabliahed,  and  the  term  **  hrn8«ijiidic  acid  '*  {hroAmdin  mnrt)  waa 
applied  to  the  product  of  nitroiiH  acid  «in  cnicic  acid,  to  itulicate  its  analogy 
witJi  cl&idic  acid  (HausBknecht,  Annalfn  der  Chnn.  and  Pharm,,  I84i7| 
143»  p.  55).  Of  late  years  the  term  **  brassic  acid  ''  has  been  mostly  aubtii- 
iiitcd  in  Kngliwh  chetriical  literature  fop  *' brassiiidic  add  (''.f^,  Morky  and 
Muirs  Difttonnry  of  Cktmi^tTy,  vol  i.,  p.  0*11,  article  Brasftif^  Acid). 

t  BtrichU  der  DevL  Chrm,  Otfi.,  1S89,  vol  xxii ,  p,  8!9. 
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Millimetres  of 
Mercury. 

Oleic  Acid. 

Elaidic  Acid. 

100 
50 
30 
15 
10 

285'5— 286 
264 
249-5 
232-5 
223 

287-6—288 
266 
251-5 
234 
225 

Erucic  Acid. 

Brassic  Acid. 

30 
15 
10 

281 
264 
254-5 

282 
265 
256 

29 


From  Eracic  Acid. 

Melts  at 
Dioxybenic  acid,   .         .     132°- 133** 
Dibromide  of  erucic  acid,      42**-43* 
Bichloride,     ...  46** 

Methylester  from  dichloride,   30-5" 


From  Brassic  Acid. 

Melts  at 
Isodioxybenic  ftcid,  .     CS^-OO" 

Dibromide  of  brassic  acid,  54** 

Dichloride,        ...  65" 

Methyleatcr  from  dichloride,    42" '5 


According  to  recent  researches  *  the  isomerism  of  erucic  and 
brassic  acids  is  of  the  stereochemical  order — 1.«.,  the  "structures" 
of  the  two  bodies,  when  expressed  in  space  of  three  dimensions, 
are  not  superposible ;  a  diiSerence  only  imperfectly  expressible 
on  a  flat  surface  by  the  formulte — 

CigHsg    -    C    —    H  ^'lyHyy    —    C    —    H 

li  and  ,, 

H  -  C   -  COgH  CO,H  -  C   -  H 

Isomerides  of  Oleic  Acid. — Besides  elaidic  acid  (formed 
from  oleic  acid  by  contact  with  nitrous  acid),  two  other  acids 
isomeric  with  oleic  acid  are  known,  viz.,  isoleic  and  stearidir 
acids ;  in  addition,  other  isomerides  of  the  anhydride  character 
exist. 

Isoleic  dcid  is  obtained  by  acting  on  oleic  acid  with  sulphuric 
acid ;  combination  takes  place  with  the  formation  of  oxystearo- 
sulphuric  acid  (probably  two  different  modifications),  thus — 

C17H33.CO.OH  +  H,S04  =  CirH34  I  c6^0l? 

By  hydrolysis  the  product  forms  oxystearic  acifl  (again,  probably 
more  than  one  modification),  which  on  distillation  under  dimin- 
ished pressure  becomes  dehydrated,  furnishing  a  mixture  of  ordi- 
nary oleic  acid  and  a  solid  isomeride,  isoleic  acid, 

HjO        =        H2SO4        +       ^l"^34"[  QQ       Q{£ 

C17H33.CO.OH 
•  A.  Holt,  Berichte  der  DeuUch.  Chem.  Qes.,  1891,  vol.  xxiv.,  4120. 
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By  tT«>jjvertir»g  the  iund:^  into  zinc  salts  and  beating  with  alcohol 
a  solution  is  cibtainofl  from  wliidi  zinc  isfjleate  separates  on  cool- 
ing, the  other  zinc  salt  remaining  ui  solution.  The  acid  obtained 
fmin  tlie  pure  zinc  salt  by  decomposition  by  a  mineral  aeid, 
crystal li«es  frr»m  ether;  it  melts  at  45*,  but  is  not  identical  with 
elrtifiic  acid  which  fuses  at  nearly  the  same  temperature  :  like 
f4eic  and  elaidic  acids  it  forma  ticctate  and  palmitate  on  fusion 
with  caustic  potash  ;  but  the  dibromido  formed  by  c^jnibination 
with  bnmiino  when  treated  with  silver  liydroxide  forms  a  dioxy- 
Ktearicttcid  inelting  at  ll"-!^''  and  solidifying  at  6o°-C(r,  the  same 
substance  i>eing  also  formed  by  oxidising  isoleic  acid  with  alka- 
line permanganate  ;  whereas  the  dioxystcaric  acids  obtained  by 
oxidising  oleic  and  elaidic  acids  in  the  same  way  melt  at  136**5 
and  9Q'400;  and  solidify  at  119    and  85^86*  respectively.* 

Isoleic  acid  combines  with  hydriodic  acid,  forming  an  iodo- 
stearic  aciti  reducible  to  ordinary  stearic  acid  by  means  of  nascent 
hytlrogen,  and  reconverted  into  isoleic  acid  by  alcoholic  potasli. 
The  (li  bromide  of  isoleie  acid  sinvilarly  reproduces  iaoleic  acid  on 
treatment  with  zinc  and  hydrochloric  acid. 

Stfiaridir  Acid, — By  the  action  of  water  on  bromostearic  acid 
(frnio  brorai nation  of  stearic  acid)  Oudenmnnsf  obtained  an  acid 
i«omonc  Willi  oleic  acid,  t<»gether  with  silver  bromide.  This 
pi*<Mluct  distilled  unchanged  :  melting  point  35°, 

Two  anhyil rides  of  oxy. stearic  acids  are  also  known,  isomeric 
with  oleic  acifl  ;  viz.,  aff'aro! acton ^^  ^-oxystearic  ^*  inner*'  anhy- 
dride (p,  3il) ;  and  the  body  formed  liy  the  action  of  hydrochiorio 
acid  on  a-oxy«tearic  acitl^  regarded  as — 


C.rH 


/CO, 


,q|Cj7H34 


PROPIOIJC  (LINOLIC)  FAMILY  OF  FATTY  ACIDS. 

But  few  memVu  rs  of  the  family  of  acids  of  general  formula 
C„H^,t,  .  ...  Ct) ,  OH  have  been  as  yet  isolated  fr»mi  oils  and  fats, 
«fcc*,  the  best  known  example  being  linolui  mnd^  (J|^H.j^  .CO  .OH, 
contained  in  various  drying  oils,  notably  linseed  oil ;  several 
*>ther  members,  however,  have  been  produce*!  from  acids  of  the 
<ileic  series  by  employing  the  method  founded  on  the  same 
principle  as  that  l»y  means  of  which  oleic  acids  are  obtainable 
from  acids  of  the  acetic  acid  series — viz.,  by  conversion  into  a 
chloro-  or  broTuo derivative  of  an  acetic  acid  and  removal  of 
elements  of  HCl  or  HBr  by  the  action  of  a  base.  Thus  oleic 
acid  combined  witli  Br.^  and  the  prmluct  treated  with  alcoholic 
potash  furnishes  tftearolic  miw/ — 

*  M.  C.  anil  A.  Savt^cff.  /.  pralL  Chtm.,  1888,   :^7,  p.  2G9. 
t  J.  prakt,  Ch€mi^]m,  p,  193. 
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Oleic  Acid.  Dibromoitearlc  Acid. 

C18H34O,  +  Br,  =  C,8H84Br,02 

DlbromoKtearic  Acid.  StearoIIc  Add. 

CsHatBrjOa    —  2HBr     =     CigHsiO, 

In  similar  fashion  other  homologues  of  stearolic  acid  {e.g.,  Iiende- 
colic,  pcUmitolic,  and  henolic  acids)  are  obtainable  from  the  corre- 
sponding homologues  of  oleic  acid,  the  general  reaction  being — 

CnHsn-oBraO,     -     2HBr     =     CuHjn-iOa 

In  certain  cases  propiolic  acids  may  be  directly  obtained  from 
iicids  of  the  acetic  family  by  treatment  with  chlorine  or  bromine, 
so  as  to  produce  dichloro-  or  dibromoderivatives  of  formula 
C^Hgn  _  2Br20o,  which  are  then  acted  upon  with  alkalies  so  as  to 
remove  the  elements  of  2HBr,  in  accordance  with  the  above 
equation ;  the  total  change  produced  being  therefore  equivalent 
to  the  removal  of  H^.  In  this  way,  for  instance,  myristic  acid, 
Cj^HggOg,  forms  myristolic  acid,  Cj^Ho^Oo. 

An  analogous  result  is  brought  about  with  monochloro-  or 
monobromoderivatives  of  acids  of  the  acrylic  series  by  similar 
treatment,  the  elements  of  HCl  or  HBr  being  removed,  thus — 

CnH.._3C10,  -  HCl         =.         CnH2n-40a 

CnHjii-aBrOo      —       HBr      =       CnH2n-402 

For  instance,  chlorocrotonic  acid,  O^Hj^ClOj,  gives  rise  by  this 
treatment  to  tetrolic  acid,  C.H^Og. 

The  table  on  p.  32  includes  the  chief  acids  of  this  series: — 
Just  as  one  molecule  of  an  acrylic  acid  will  combine  with  1^  or 
Br^,  so  will  one  of  a  propiolic  acid  unite  with  Br^  or  I^,  this  action 
being  substantially  the  reverse  of  that  above  described,  where  a 
dibromoacetic  acid  loses  2 HBr  and  becomes  a  propiolic  acid;  this 
reaction  is  utilised  in  the  practical  testing  of  oils  (Chap,  viii.) 
CJonversely,  by  the  action  of  nascent  hydrogen,  zinc  dust,  and 
similar  dechlorinising  agents,  the  tetrabrominated  or  tetra- 
iodised  bodies  thus  formed  become  again  reduced  to  the  original 
propiolic  acids;  thus  linolic  acid  can  be  separated  from  accompany- 
ing acids  (obtained  by  saponifying  the  mixture  of  glycerides  con- 
tained in  linseed  oil,  ttc.)  by  combining  with  bromine,  separating 
by  crystallisation  the  tetrabrominated  derivative,  C^gHggBr^Og 
(melting  at  IH^-llD**),  and  reproducing  linolic  acid  by  removing 
the  bromine. 

Tetrabromostoaric  Acid.  Linol'C  Add. 

^18B^82Br402       —       Br4       =       CigH3202 

Those  propiolic  acids  that  are  formed  by  the  bromine  reaction 
above  described  (loss  of  2HBr  from  dibromoderivatives  of  acids 
of  the  acetic  family)  possess  the  power  of  directly  combining 
with  oxygen  (from  suitable  oxidising  agents),  forming  saturated 


p 

r 

OILS, 

FATS,   WAXES,    ETC                                           1 

1 

1 

FonnulflN 

N&Qifl  of  AcM, 

MelUng      ! 
Point.       1 

1 

1                                               1 

CjHjOi, 

Propiolic, 

•  »p 

Chloropropiolic     odd. 

^H 

CaHClO,,   is  foroMsd 

^H 

by  the  action  of  pot- 

^1 

Ash  on  dichloraciylic 

^H 

acid,  CaH.Cl.O,, 

H 

C,H,0, 

Tetroltc, 

Tfi-S" 

2oa* 

Chlorocrotonic  acidand 
caustic  iK)taah* 

^H 

C]H«Og 

Pentolic, 

».. 

... 

1 

CjHbO. 

8urbie» 
Parasorbic, 

Liquid 
at  15" 

221*  1 

i 

Mountain  ash  berrict. 

B 

C;H.,0, 

Ueiizoleic(Hy- 
drobetizoic^, 

Liquid 

... 

Hydrogpuation  of  ben- 
zoic acid. 

^H 

C,H,;0, 

Diallyl  acetic, 

Liquid    1 

227' 

Artificial 

^B 

CsHhOs 

..» 

•  •« 

„, 

^B 

CnHioUj 

Camphic, 

•<• 

»*■• 

Formed  top t her  with 
born  col    hy    beating 

^B 

^B 

campbnr    with  aloo- 

^B 

hobc  soda. 

fl 

Cftmpholenic, 

.,. 

Kear 
260* 

Dibromcainphor     and 
sodium  amalgam. 

1 

CnH„0, 

Hendecolic  i 
(Undecolio  or 
Hendecinoie), 

SQ'^-S 

"* 

From     undecylenic 
(hendecenoic)       acid 
by  bromine  reaction. 

^1 

CjsHjoOa 

,tm 

••* 

■1* 

**. 

^B 

CjgHj'jOjf 

•>*                                *•• 

... 

».. 

< . . 

\ 

1 

CJ4H24O2 

iMyristolic,       ^ 

12" 

•*• 

From     myristio     acid 
by  chlorinatioD  and 
action    of    alcoholic 
potaeh* 

^H 

CuHjfiOa 

... 

.•* 

... 

.*. 

B 

CiflHist^a 

Palmitolic, 

42* 

... 

From    byp*jga*ic   arid 
by  bruniinw  reaction. 

^B 

CiiHaoOj 

Elci!omargaric» 

48* 

:::{ 

*•  ^^  ood      oil  *'      from 

^K 

Ela^osteanc, 

7r 

EhfO€ora%  Wrrtkla. 

1 

CibH^jOj 

8tearoliCt 

LiuoUc, 

Ricilinnltc, 

48^* 
Fluid 

!    Fluid 

From    oleic     acid    by 
bromine  reaction. 

Liuseod  aud  other  diy- 
m^  oils.                       J 

Deliyd  ration  of  riciiid 
okic  acid.                    1 

i 

B 

Tariric, 

SO'o 

... 

Seeds  of  tariri  (gioimr 
tHcramma). 

^^^^^ 

CiyHj40j| 

,,. 

.4. 

... 

, 

J 

■ 

CjoHacOj 

Fluid 

(♦)  Higher    hoinologufl 
of  linolic   acid^  bu{K 
po»ed    to     bi'    cott- 
tuined  111  aomedryinj 
oiU. 

^^^^B 

C.llfyH^-U 

*.* 

... 

■ 

^^^^H 

Ca^H<„Q, 

Behenolic  (or 

67'*5 

».. 

From   ei'ucic  acid,  bg^H 

^H 

Beuolic), 

bromine  reaction.     T 

I 

^ 

L 

i 

FATTY   ACIDS.  33 

compounds  by.  the  addition  of  two  oxygen  atoms  instead  of  four 
bromine  atoms,  thus — 

PropioUc  Acid.  Saturated  Compounds. 

CnHfn  .  8  .  CO  .  OH     +       Br4     =        Cn  H2n  -3  }  QQ  Qjj 

=  0 
C„H2„.3.C0.0H       +      Oj      =      CnH2„.3{=0 


-CO.  OH 

In  this  way  stearolic  acid,  CjgHgjO.^,  forms  stearoxylic  acid, 
CjgH3.,0^ ;  and  similarly  with  palmitolic  and  benolic  acids. 
The  general  character  of  the  action  is  indicated  by  the  equation: 

R  .  CH=CH  .  S .  CH=CH .  T  +  Oj=R .  CH-CH  .  S .  CH-CH .  T 

lanolic  Acid. — The  earlier  researches  on  the  acids  derivable 
from  the  chief  glycerides  contained  in  linseed  and  other  drying 
oils  led  to  the  conclusion  that  they  were  identical,  and  indicated 
by  the  formula  Cj^HggOg,  and  to  this  body  the  name  Ihwleic 
acid  was  applied  ;  but  later  experiments  have  shown  conclusively 
that  a  considerably  higher  molecular  weight  is  possessed  by  the 
acid  obtained  from  linseed  oil,  and  have  rendered  it  not  impro- 
liable  that  different  homologous  acids  exist  (related  as  myristic, 
palmitic,  and  stearic  acids,  for  example),  and  that  different 
drying  oils  are  not  always  identical  as  regards  the  leading  acid 
of  this  series  present.  Linolic  acid  was  originally  obtained  by 
Schiller  by  saponifying  linseed  oil  with  caustic  soda,  salting  out, 
dissolving  in  water,  and  precipitating  w^ith  calcium  chloride. 
The  precipitate  wjis  treated  with  ether,  whereby  calcium  lino- 
late  was  dissolved  out,  leaving  other  substances  undissolved ; 
by  agitating  the  ethereal  solution  with  hydrochloric  acid,  and 
evaporating  at  a  low  temperature  in  an  atmosphere  of  hydrogen, 
crude  linolic  acid  was  obtained.  This  was  purified  by  treat- 
ment with  alcoholic  ammonia,  precipitating  as  barium  salt, 
and  regenerating  the  acid  as  before.  The  analysis  of  the  acid 
and  its  Siilts  by  Schiiler,  and  subsequent  investigators,  led  to 
the  formula  CY-HosO^. 

On  the  other  hand,  the  Koettstorfer  values  (Chap,  viii.)  for  lin- 
seed oil  and  other  drying  oils  obtained  by  most  of  the  later  experi- 
menters lead  to  the  conclusion  that  the  mean  molecular  weight  of 
the  fatty  Jicids  contained  therein,  is  sensibly  higher  than  252, 
t-lie  value  corresponding  with  Cj^.H2ji02;  the  saponification 
equivalents  f(»r  linseed,  poppy,  and  hemp  oils  thus  deduced 
mostly  lie  between  285  and  300,  giving  an  average  of  293  or 
tliereabouts  for  the  glycerides,  and  consequently  of  about  280 
for  the  fatty  acids  thence  derivable  (Cj^HggOg  =  280).  Further, 
various  later  analyses  of  linolates  and  other  derivatives  corro- 
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borate   this  fonmula;   whilst  Peters*  ohtaine^l  ntft^rh:  neid  (of 

melting  puiiit  69"^)  hy  acting  on  liuolio  acid  with  strong  hjdriotfc 

I  acid  and  phof^phorus,  so  as  to  h3'drogenise  it, 

Stil!  higher  molecular  weights  result  frona  the  ohservations  of 

some  chemists.    Thus  A.  H.  Allen  t  foufid  that  whilst  the  linohc 

.  lipids  isolated  from  several  difterent  samijle>s  of  linseed  oil  pc»- 

[fiessed  mean  equivalent  weights  varying  between  282  and  295, 

I  another  apeeimen,  prepared  with  great  care  in  an  atmosphere  of 

\  coal-gas,  gave  307-2  {a,^H.,;0.>  =  308).    Norton  and  llichardson  } 

found    that   linolic    acid    from    linseed    oil,    when    distilled  at 

about   290'*    under   a   pressure    of  89    mm.,   gave   a   colourless 

distillate,  constituting  alxjut  three-cjuartera  of  the  whole  ;  this 

was   capable   of  being    redistilled    unchanged.     It  consisted  of 

1 5' 
an   acid  of  specific  gravity  -9108   at    —    giving   numbers   on 

analysis  corresponding  with  the  formula  C.>qIT..,,02  j  ^^^  vapour 
density  wa^?  found  to  be  153,  this  formula  representing  154, 
Moreover,  on  heating  with  hydriodic  acid  it  did  not  form  stearic 
acid,  melting  at  OS'*,  as  in  the  case  of  Peter  a  product,  but  aa 
acid  of  considerahly  higher  melting  point — 83*  (araohic  acid^ 
C,,M^J3.,,  melts  at  75*), 

Reformatsky  §  on  repeating  the  experiments  of  SchUler,  obtained 
from  linseed  oil  freshly  exi>ressed  in  the  laboratory  a  crude 
linolic  acid  that  did  not  distil  unchanged  at  292'  under  100  mm. 
pressure.  It  contained  a  considerable  amount  of  oleic  acid^ 
yielding  dioxystearic  acid  on  oxidation  with  permanganate;  by 
heating  with  alcohol  and  gfvseous  hydr^Krhloric  acid,  ^ffii/l  Jitutf^ii^ 
was  ultimately  obtained,  distilling  at  270-275  under  180  mm. 
pressure;  from  this  by  saponification  linc»lic  acid  was  regener- 
ated in  a  state  of  oompanitive  purity  ;  ^.7,,  giving  the  iodine 
number  172*G3  to  180%!,  that  calculated  being  181  4.  When 
dissolved  in  glacial  acetic  acid  the  product  thus  prepared  formed 
two  compounds  on  addition  of  bromine — viz.^  a  tetrabromide 
{^'wldition  product),  C3gH.(X>3r4,  as  a  viscid  oil ;  and  a  crystidhs- 
uble  hexabrominated  substance,  i*egarded  liy  him  as  a  brouiosub- 
stitution  derivative  of  the  tetrabromide,  Cj(^H„,jO^Br^.,  melting  at 
177*'-178*  and  solidifying  at  175^  Oxidation  with  alkaline  per- 
manganate yielded  tetroxy  stearic  {saiwic)  acid  ami  a  little  azelaic 
acid« 

Whilst  it  appears  exceedingly  probalile  from  the  preceding  re- 
sults that  more  than  one  homologous  acid  of  the  series  CjjH.j^.  ^O* 
exists  in  ordinary  drying  oils,  it  is  more  than  iloubtful  whether 
any   single   subttta.nce  in  a  state    of  purity   was   examined 

*"  MohaUh,  f,  Ckemie,  1886,  7.  p^  552* 
f  CotnmerdiU  Organic  AnafytfU,  vol.  ii.,  1886,  p.  117. 
tBrnicht*-  (L  DttiL  Chtm,  Uts.,  1887,  xx.,  p.  2735. 

^Jtmnu  Soc.  Chtm.  Indufftry,  1890,  p.  7*4  :  from  /.  pralL  Chan*,  1S9Q» 
41,  p.  529, 
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any  of  the  various  observers,  inasmuch  as  purification  by 
reerystallisation  of  a  well  marked  crystalline  derivative  was 
not  found  readily  practicable.  On  the  other  hand,  Hazura  and 
Griissner  obtained  from  hemp  seed  oil*  a  mixture  of  fatty 
acids  which  on  solution  in  acetic  acid  and  treatment  with 
bromine  gave  more  than  one  brominated  product  of  crystal- 
Usable  character,  as  well  as  noncrystalline  ones.  One  of  the 
crystallisable  products  was  found  to  melt  at  177''-178'*,  and 
to  have  the  composition  OjgH3Q02Br(j ;  another  melted  at 
1 14*-!  15**,  and  had  the  composition  Ci8H.^2^.,^r4J  fro™  this  latter 
by  the  action  of  zinc  and  alcoholic  hydrochloric  acid  the  bromine 
was  removed,  producing  linolic  acid,  C18H32O2,  free  from  ad- 
mixture with  other  acids.  It  was  found  impracticable  to  bromi- 
nate  the  bromine  compound,  0^0X13.203^4,  so  as  to  obtain  from  it 
any  substitution  derivative,  OjgH^QOoBr^ ;  whence  it  appears  that 
the  hexabrominated  body,  melting  at  177°-178°,  was  not  formed 
by  the  further  substitutive  action  of  bromine  on  the  tetrabromi- 
nated  addition  product  (as  supposed  by  Reformatsky),  but  must 
have  been  produced  by  the  direct  combination  of  Br^  with  an 
acid,  CigH^^Oo,  contained  along  with  linolic  acid,  «kc.,  in  the 
original  mixture  ;  this  acid,  linolenic  acid,  is  in  fact  easily  repro- 
duced from  the  hexabromide  by  treatment  with  zinc  and  alco- 
holic hydrochloric  acid  so  as  to  remove  the  bromine  (p.  27)  ; 
conversely,  it  is  again  converted  into  the  (original  hexabromide 
by  direct  combination  with  Br^. 

The  linolic  acid  thus  obtained  from  the  tetrabromide  of  fusing 
point  114'-!  15"*,  OjgHgoO.jBr^,  reproduced  that  substance  by 
combination  with  bromine ;  and  similarly  combined  with  I^, 
but  did  not  form  a  hexabrominated  derivative ;  on  oxida- 
tion   with   alkaline   permanganate    it    formed   a   tetroxystearic 

acid,  itatimc  acid,  OjgHg^O^   =    C^yHy^   <  Xq  ^tt  ,  together  with 

a  little  azelaic  Jicid  and  other  secondary  products,  but  no  linuaic 
acid  (p.  37).  Sativic  acid  fuses  at  170"  ;t  on  heating  with 
hydriodic  acid  and  phosphorus,  it  forms  an  iodised  acid,  reduced 
to  stearic  acid  by  means  of  zinc  and  hydrochloric  acid ;  it  dis- 
.solves  in  1000  parts  of  boiling  water,  and  is  readily  soluble  in 
alcohol,  but  is  insoluble  in  cold  water  and  in  ether;  by  acety- 

lation    it    forms   a  tetracetyl    derivative,    Oj^Hg^  <  L^   ?vtt    ^; 

hence  it  obviously  possesses  the  constitution  of  a  quadruply 
hydroxylated  stearic  acid.  On  further  oxidation  it  does  not  form 
linusic  acid,  but  produces  azelaic  acid,  0^111^(00 .  OH)^ 

Isomerides  of  Linolic  Acid. — Stearolic  acid,  obtained  by 
combination  of  oleic  acid  with  Brg,  and  removing  the  elements  of 

*  Journal  Sac.  Chem,  Indmtry,  1888,  p.  506 :  from  Monatsh,  d.  Chemie, 
ix.,p.  180. 
t  Acconling  to  earlier  observations,  at  1G0'-162^. 
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UXOLENIC  FAMILY  OF  FATTY  ACIDS. 

The  existence  in  drring  ciife  tif  two  isonftenc  madn  of  formula 
C^Hj^rCXJ.OH  (where  n  =  17)  in  the  farm  of  glycerides  hns  been 
rendered  extivmelT  probahle,  if  not  oondiiaively  su Instantiated, 
by  Hazura  and  \^rk»as  CDllaborateurs.  When  the  fatty  acids 
isolated  from  such  oib — e.y.^  hempseed  or  Un^seed  i»il^ — are  di^- 
solved  in  acetic  acid»  at  least  three  different  brr>m]nat€d 
cou]|K>unds  are  obtainable  by  the  addition  of  bn»miiie^ — viz., 
erystallisable  fhuJir  ^u^iti  iHmhromide^  C^j^H^^O^Br^,  melting 
at  114''-115\  and  the  crystallisable  hexabromide,  Cj^^H.^^O^Brp 
melting  at  177'- 178^  above  descril^ed  (p^  35),  t<igetlier  with  a  non- 
crystaliisable  liquid  bn*mide,  apjvirently  e*>ntaiuin<j  an  isomeric 
hexabrotnide.  C,^H^O^r^-  As  already  stated,  the  crvst-illisable 
hexabixuiiide  loses  Br^j  by  the  action  of  zinc  and  alexin  die  hydro- 
chloric acid,  forming  finofenir  aei/J^  C\^H^O.»,  fix>m  which  the 
iiame  hexabroraide  tran  be  reproduced  by  bromi  nation ;  by 
oxidation  with   alkaline  permanganate  no  sativic   acid  is  pro- 

•  CornpUA  renduA^  114,  p,  79. 

t  JJrrirhfe  d.  Deftt.  Cftrm.  6V^.,  I8S8,  p,  ^30. 

t  By  b4;attD^  ricinoleic  lu^id  in  viMmo,  Norton  and  Richardaoa  oblained  ao 
aclil  closely  re«embling  linolic  iMJid,  regawled  by  them  ai  Cfifl^^Oj  iBetichte 
«/,  Drut.  Chcm.  6'm,,  168T,  xx.   p  2735). 
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duced,  but,  instead,  linusic  (leid,  a  hexoxy stearic  acid, 
C^-H.^  I  CO*  OH*  ^^^  ^^^  ^^^^  **  203'-205',  and  furnishes  a 
hexaeetyl  derivative,  Cj^H 29  < 'qA   ^rf   \  Hence  the  pre-exist- 

ence  of  linolenic  acid  in  the  original  mixture  of  acids,  as 
the  source  of  the  crystallisable  hexabromide,  would  seem  to  be 
pretty  clearly  demonstrated. 

The  existence  of  an  isomeric  modification  of  linolenic  acid, 
iitolinof^nic  acidy  is  inferred  from  the  fact  of  a  noncrystalline  hexa- 
bromide being  apparently  produced  by  the  addition  of  bromine 
to  the  original  mixed  acids,  together  with  the  circumstance 
that  on  oxidising  the  mixture  by  alkaline  permanganate  there 
are  formed  (in  various  relative  proportions,  according  to  the 
kind  of  drying  oil  operated  on)  not  only  dioxysUaric  acid  (due 
to  oleic  acid  contained),  sntivic  acid  (tetroxy stearic  acid,  due 
to  ]inolic  acid,  Cj^H.^.,()^),  and  linusic  acid  (due  to  linolenic  acid), 
hut  also  another  hexahydroxylated  stearic  aci<l,  isolinusic  acidy 
isomeric  with  linusic  acid  ;  this  melts  at  ITS^-ITO",  and  furnishes 

a  hexaeetyl  derivative,  Oi;H._>j^  <  ^pA    -^A   '^    resembling    that 

obtained  from  linusic  acid,  but  less  soluble  in  ether. 


OXYACETIC   (GLYCOLLIC)   FAMILY   OF  FATTY 
ACIDS. 

The  members  of  this  family  (general  formula,  C„jKo,n  I  p.  v  ^xtt  ) 

hitherto  recognised  as  normal  constituents  of  fats,  oils,  waxes, 
«tc.,  are  but  few  in  number.  Camauba  wax  has  been  found  by 
StUrcke  *  to  contain  a  small  quantity  of  a  substance  simultane- 
ously possessing  the  properties  of  an  alcohol  and  an  acid,  indi- 

cated  by  the  formula  Cj^H.^g  <  ^,^  - '  .^    ;    when   this   is   heated 

with  soda  lime,  it  forms  an  acid  of  the  oxalic  family  with  evolu- 
tion of  hydrogen. 

^'•••H»''lco;bH"+2^'''OH  =  C.»H3«{8o:8m   +  2H.   +   H,0 

The  essential  oil  of  Arujrlica  Archangel ica  contains  (probably 

as  some  form  of  compound  ether)  an  acid  which  appears  to  be 

i  OH 
oxifmyriHtic  acid,\  CjyHgg  <  p^    qtt,  fusing  at  51°,  and  yielding 

f  O   C  H  O 
a   benzoyl  oxymyristic  acid  C^-jHgg  wiA    f)tT    >  fusing   at   near 

•  Annalen  dtr  Chemie.t  223,  p.  283;  also  Journal  Soc.  Chem,  Industry, 
18S4,  p.  448. 
t  R.  Miiller,  Berichte  DeuL  Chem,  Gtn.,  1881,  vol.  xlv.,  p.  2476. 
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68*,  An  oxyniyristic  acid  apjmrently  idenlical  with  this  i* 
obtainable  from  myristic  acid  by  broniiiiatii)<;  and  treating  the 
resulting;  nionobrnujomyriBtic  acid  with  caustic  stxJiU 

By  .similar  processes  palmitic  acifl  yields  oxypftlmitic  acid  ftnd 
stearic  acid,  oj^j/sfearic  twitf.     Of  this  latter  l)otly,  moreover,  more 
than  one  iHOnioric  ino<lification  is  known;  tlius  31,  C.  tk  A.  Say- 
tzeff  found*  that  a-ari/>(/'^^r/c  r^n'r/ is  obtained  when  isoleic  acid  J 
(m.p.    45^)   is   eonibineil    with   bydriodic  acitl   so  as  to  form  ait] 
iodostearic  acid,  and  the  product  treated  with  silver  hydroxide;] 
while  i3-f>ri/tff^arie  acid  is  similarly  olitnaincd  from  ordinary  oleiel 
acid;  the  reaction  in  each  aise  ljc?in;4  exfiressed  by  the  equatio 


Oleic  Ac  til. 


HI         =         CjuHfl^lOi 


Iodott«fcrio  A  0 1 1 1.  OxjfttcAric  Add. 

CisHa^lOa     +     Ag(iH     =     Agl     +     CisHjslOHp, 

ot-oxystearic  acid  melts  at  80-82  and  distils  unchanged}! 
whilst  iSoxy stearic  ticifl  breaks  up  on  heating  into  %vater  and] 
ordinary  oleic  acid — 


OijBtcarIc  Ackl. 

CigHa5(OH)03        ^ 


TfJ) 


Olt'Tc  Actd. 


The  same  two  adds  are  also  obtainable  by  Ireatio^  isolcic  acid 
with  sulj>huric  acid,  when  coanbiniitioo  takes  place  as  the  fornnk- 
tion  of  two  isomeric  oxystearosulphuric  acids^  which  by  the 
hydrolytic  action  of  water  are  decomposed  into  sulpiitiric  acid 
and  oxy stearic  acids,  thus — 


liolele  Aobl. 
CiTHja.CO.OH 


Sulphurlr  Oxjatoito- 

iVeid.  sLtphurU^  Acid- 

H3S04     =     Ci  rHs4 1 QQ  ^  o*^ 


aulpljiirlic  Ai- 


Water, 


OijKtfiiric 


^    ^     fO.SO^H 


H;;0     ^     ^i'*^^*  I  to.  OH     "^     H^ROi 


the  two  reaL"ti*ms   jointly  are  con.Herjuently  tfintamount  to  tlto 
additirm  of  water  on  U>  isoleic  acifl  — 


Ifruleic  AciJ. 

CjflHai  -  CH 


CH-C<J.nH4-H20 


CijHfli 


OxjHtearic  Acid 
-CHj    CH.OH  -^CO.OH 
-CH.OH    CHj-CO*OH 


The  oe  or  the  /3acid  thus  results  according'  a.s  the  hydroxy  1  groupj 

becomes  added  to  the  penultimate  or  antepenultimate  carbon* 

Geiiel  lindsf  that  when  ordinary  oleic  acid  is  thus  treated 

*  Jahrtnherirhit  1S88,  p.  101<»:  from  JonmaJ  pr.  Chevxir^  [2]  ST,  p.  260. 
^  jQUrnnl  Soc.  (y>e}n.   Itiduairy,    iSHS,   p.    "116%   froiii   Jmirnnl /,  pradd, 
Chtmit,  [21  37t  p.  5X 
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with  sulphuric  acid,  besides  the  oe-oxystearic  acids  above  described 
a  y-oxystearic acid,  C^^Hop  -  .  CH .  OH  -  CH2  -  CHg  -  CO .  OH, 
is  produced,  which  readily  forms  an  "  inner "  anhydride,  atearo- 

. O . 

lactone,  Oi^Hgfl  -  OH  -  CH,  -  CHg  -  CO.  This  anhydride  is 
produced  whenever  a  salt  of  7-oxystearic  acid  is  decomposed  by 
a  mineral  acid  ;  if  the  acid  solution  be  cautiously  neutralised  in 
the  cold  by  an  alkali,  the  stearolactone  remains  unaltered,  and 
may  be  obtained  by  dissolving  out  with  ether  or  benzoline, 
and  thus  separated  from  any  other  accompanying  fatty  acids 
set  free  by  the  mineral  acid,  but  retained  by  the  subsequent 
addition  of  alkali.  When  boiled  with  alcoholic  potash,  however, 
potassium  7-oxystearate  is  produced. 

Stearolactone.  I'otasslum  Oxystearate. 

C17H34  I  _     ^^  +        HOK         +        C17H34  I  c!o .  OK 

Processes  for  detecting  and  estimating  stearolactone  in  mix- 
ture with  free  fatty  acids,  <fec.,  are  founded  on  these  reactions. 
Stearolactone  is  readily  soluble  in  alcohol,  ether,  and  light 
petroleum  spirit;  it  crystallises  in  needles  melting  at  51";  it 
is  formed  in  somewhat  large  quantity  when  oleic  acid  is  heated 
with  zinc  chloride  and  the  product  treated  with  water  (Benedikt), 
probably  by  reactions  analogous  to  those  taking  place  under  the 
influence  of  sulphuric  acid  (vide  Chap,  vii.) 

An  anhydride  isomeric  with  stearolactone  is  derived  from 
a-oxy stearic  acid  by  the  action  of  hydrochloric  acid  thereon  (C. 
and  A.  Saytzeff)  in  accordance  with  the  equation — 

2C,7H34  -^  QQ   Qg     =     2HaO     +     C17H34  i  q   co  J  ^i^^** 

This  substance  is  fluid  at  the  ordinary  temperature  and  does  not 
solidify  011  chilling ;  it  combines  with  neither  bromine  nor  iodine 
(Hiibl's  reagent),  but  on  heating  with  caustic  potash  becomes 
wholly  converted  into  potassium  oxystearate ;  on  acidifying  the 
product  a-oxystearic  acid  is  set  free,  and  not  an  anhydride,  as 
in  the  case  of  stearolactone. 


OXYAORYLIC  (RICINOLEIC)  FAMILY  OF 
FATTY  ACIDS. 

f  OH 

The  acids  of  general  formula  C„Hj„  ^5 -j  QQ   qjj    obtained  by 

the   saponification  of  fixed   oils,   <kc.,  are  not  very  numerous, 

{OH 
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with  certjiinty  ;  (jastor  oil,  and  to  a  lesspr  extent  some  othef 
contain  ricinolein,  the  «;;lycericle  of  ricinoleic  acitJ.  To  ii 
the  ticici,  Cijflt^ir  oil  is  saponifiett  with  concentratetl  ciiustii-  piitasli 
solution,  and  thft  resukint;  ,soap  deuonii^osecl  by  heatin;jj  for  a 
short  time  with  hydroehh>ric  acid ;  the  separated  acids  are 
washed  with  water  several  times,  and  then  cooled  to  0\  or  some- 
what lower  ;  the  mass  solidifies  and  is  subjected  to  pressure, 
firwt  gentle  then  stronger,  so  as  to  sijueexe  out  li<juid  matters, 
the  temperature  being  gradually  raise<l  U)  10  -Iti  ,  If  any  t-on- 
siderable  tpiantity  of  unaaponihed**il  is  mixeil  witli  the  free  fatty 
acids,  theii*  solid  ill  cat  iim  by  ehilling  is  greatly  liimlered*  a  result 
also  brought  alnrnt  by  the  presence  of  bye  products  funned  by  the 
action  of  the  air  nii  the  free  fatty  ackls  ;  whei-efore  the  sapmnify- 
iiig  and  decoinjMi^ing  operations,  *tc.,  tihould  lie  conducted  aA 
nipitlly  as  possible.  Thus  purifkHl  ricinoleic  acid  fuses  at 
16 -17^  the  phenomenon  of  su perfusion  being  strongly  shown 
by  the  liquid  acid,  which  usually  dots  not  solifbfy  again  until 
considerably  chilletb 

When  castor  oil  is  heated,  the  ricinoleic  acid  present  thereil 
as   glyceride  breaks    up  into   renanthol   and    hendecenoic 
tbus^ 


Hidnok-ic  Acid. 


CrHnO 


n^DdreenolG  Acf(L 


Free  ricinoleic  acid,  however,  when  heated  does  not  split  up 
this    way  at  all,    neither  does   it  distil    unr hanged   even   under 
greatly  diminished  pressure — Ix^Iow  15^  mm.      An  ncid  distillat^H 
pisses  over  at  aljciut  250\  which  on  rectification  furnislies  anacidl^| 
boiling  at  about  liHO^  at  ir>  mm.  ;  and  giving  nuinl>ers  ei irresjw^ind- 
ing  witli  the  formula  Cj^lij.jU^  (p.  M)},  whence  it  unuld  seem  that 
water  is  thus  split  t*f!'  from  ri^-inuleie  acid  yielding  a  lim>lie  acldJ 
isomeride.    Hydriodic  acid  antl  plmsphorus  convert  ricinoleic  acid^ 
into  stearic  acid  ;  heating  with  caustic  potash  forms  a  secondar}' 
decylie  alcohol,  C^^H,,  (OH),  and  sebacic  acid,  C^Hj^j  (CO  JJH)^ 
from    whicli     reactions    the    structure    would    seem     prolwiblfl 
CHy  ^  (Cil,),  -  CH .  OH  -  CH  =  OK  -  (CH,)^  -  CO. OH,     Alk 
line  perjuanganate  oxidise«  ricinoleic  acid  to  trioxyst«arie  acw 
(  Di  e  If  ami  Be  to  r  m  a  tsk  y ) . 

By  the  action  of  nitrous  acid  ricinoleic  acid  in  converted  in 
ricijieittitiit'  (trid  melting  at  52-53''  ;  on  heating  under  diminished 
pressure,  this  is  tlecomjtosetl  much  more  slowly  than  ricinoleic 
acid.  t)xidation  by  means  of  Jiitric  acitl  readily  converts  it 
into  normal  It*'iit<iw  arid^  whilst  alkaline  permanganate  forms 
trioxystearic  acid.  Accun.ling  to  Hazura  and  Griissner» 
two  dilFerciit  trioxystearic  *u"ids  are  fV>rtiied  when  ricin- 
oleic acid  is  thus  oxiiUsed,  respeitively  melting  at  i 40' -142^ 
(trioj'i/iftearic  ftcid)^  and  at  110'- It  I  iiMotnnftf.HU^firic  aeul);  from 
which  they  infer  the  prc*^eiice  in  c^astur  nil  t>f  two  isomeric  aci( 
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{ricinoleic  and  isoricinoieic  acids  respectively).     Both  of  these 

trioxy  acids  form  triacetyl   derivatives,  C,-H.j.,  \pr\  (\u^    '^  y 

and  both  are  reducible  to  onlinary  stearic  acid  by  means  of 
hydriodic  acid  ;  the  latter  is  present  to  the  extent  of  about  twice 
as  much  as  the  former. 

Isomerides  of  Ricinoleic  Acid. — On  heating  barium  ricin- 
oleate  Krafft  obtained  a  residue  from  which  an  acid  termed  by  him 
ririnic  acid  was  isolated,*  apparently  isomeric  with  ricinoleic 
acid;  this  melted  at  ST,  and  distilled  unchanged  at  2o0*'-252* 
under  15  mm.  pressure  ;  by  oxidation  it  yielded  normal  heptoic 
acid. 

Rajnc  Acid. — Reimer  and  Will  have  obtained  from  colza  oil  a 
liquid  J4cid,  CijjH.m0.j,  differing  considerably  from  ricinoleic  acid, 
especially  in  not  forming  a  solid  elaidic  acid  with  nitrous  acidt 
and  in  not  yielchng  sebacic  acid  on  fusion  with  potash.  This  is 
isolated  by  means  of  the  zinc  salt  which  is  soluble  in  ether, 
whereas  zinc  erucate  is  insoluble  therein  ;  by  decomposing  the 
recrystallised  salt  (melting  at  78**)  by  tartaric  acid,  and  well 
washing  with  water,  rapic  acid  is  obtained  as  a  fluid  mass,  not 
solidifying  even  when  considerably  chilled. 

Oxyohic  Acid. — When  the  dibromide  of  oleic  acid  (dibromo- 
stearic  acid)  is  treated  with  silver  hydroxide  it  forms  oxyoleic 
acid,  apparently  in  ccmsequence  of  the  removal  of  the  elements  of 
HF3r,  forming  bromoleic  acid,  and  the  action  thereon  of  silver 
hydroxide,  thus — 

rromoleic  Acid.  Oxyoleic  Acid. 

C,;II:;2Br.C0.0H     +     AgOH     =     AgBr      +      CkHsjJ^q   qjj 

The  same  product  results  by  first  converting  the  dibromide 
int<j  bromoleic  acid  by  means  of  potash  and  then  acting  upon 
this  with  silver  hydroxide  (Overbeck).  Oxyoleic  acid  is  a  thick 
liquid  at  ordinary  temperatures  but  solidifies  on  chilling ;  by 
boiling  with  caustic  potash  it  takes  up  water,  forming  a  dioj^y- 
stearic  acid,  melting  at  126°.  :j: 

(  OH 
In  similar  fashion,  oxyhypoga^ic  acid^    ^ij^as  "!  po    OTT »  ^^ 

formed  when  the  dibromide  of  hypogieic  acid  is  treated  with 
silver  hydroxide  (Schroder) ;  as  with  oleic  dibromide,  the  action 
prolmbly  takes  place  in  two  stages,  the  elements  of  HBr  being 

♦  BericIUe  d.  Deut.  Chtm.  Ges.,  1888,  vol.  xxi.,  p.  2730. 

i  Berickted.  Deut.  Chem.  Oes.,  1887,  vol.  xx.,  p.  2.385. 

:^  Later  experiments  by  Say tzeff  indicate  that  this  acid  is  identical  with 
the  dioxystearic  acid  melting  at  136*5.  obtained  by  him  by  oxidation  of 
oleic  acid  by  alkaline  permanganate  (p.  30). 
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Irst  removed,  forming  liiNunoh yj:H>^'rfic  nei'il,  Cj^Hg^BrOy  and 
being  then  converted  into  the  oxyacid,  thius — 


CisHjsBr.CO.OH     +     AgOH     =     AgBr     -i-     C,5H« 


fOH 


I 


\CO.0H 
It  melts   at  34\    and  by  Ixaling  with   caustic  ptjta^h  aolutioa 
takes  np  the   elements   of  water   forming    diaxifjMilmilic  aa<^, 

When  oleic  acid  is  heated  to  200°  and  a  stream  of  air  blown 
thi'ough    (as  in    the    preparation    of    **  blown    oils,"   it   absorbs 
cixTjcren    and  beeiimes  largely    cf»nverted    into    an   aryoleie  add 
^Benedikt  antl  Uker).     The  relationships  of  the  oxidised  oleiii» 
and   similar   sabatances   eontjiined   in    blcnvn   oils    to    ricLnoleic 
glyceride  (ciistor   oil)   have  not  bec^n   fully  studied,   but   app«r 
rently    there    is    a   consideralilt^    cl<*gree   of    similarity    Ijetweeii 
theni.     The  s»tme  remark  applies  to  the  oxidised  aciik  formed 
when  nils  and  fatK  are  kept  for  lonjc:  periods  of  time^  so  as  t*i 
al:»sorb  oxygen    l;tr^Oy    from    the    air   spontaneously.      On    th», 
other   hand,   wheo  drying   oils   are   exposed   to  the   air  in  tliiji' 
films,  so  aw  tn  '"dry  "  up  to  solid  vaniifihes,  they  absorb  oxygen 
when    the    abst»r[^tion   attains  its  maximum,   the    increment 
weiglit  is  tolerably  close  to  that  eorresjKjntling  with  the  weighi 
<>f    iodirie    capable    of   being    taken    up    Vjy    the    original    of 
whilst  the  capacity  for  absmbiu^   imline  decreases  pari  pasm 
with  the  oxidation.     It  would,  therefore^  seem  that  the  tendemjy 
of  atmi>spherie  oxidation  of  drying  oils  is  Uj  produce  less  "  un- 
iiaturated"    oxidation    prt>ducts   than    the    onginal    sulistances; 
whence  by    analogy    in    the    c^ise    of  oleic   glyceride.,   it    would 
seem    probable    that    saturated   aeifls    arc   formed    thus,    rather 
thau  unsatnrattxl  aeirls  like  oxyoleie  acid.     A  pnxluct  has  been 
recently  introduced   into  the   market  under  the  nafje  of  **  ox 
oleate/'  for  use  as  a  **  Turkey  red  oil,"  obtained  by  the  actloi 
of   sulphuric    acid    «»n    certain    oils,    and    decomposition    of  the 
K^omjxHind  sulphuric  acid  funned  by  heat  (rkle  Chap,  vij.)     The 
precise   chemical    n!iture    of  this    substance    does    not    seem   to 
have   been   closely   investigated  na   yet;    presumably  it  chiefij 
consists  of  an   oxy stearic,   rather  than  an  oxyoleic  acid,  sino^H 
V>y  hydrolysis  the  former  and  not  the    latter  results  from  thflSW 
i^uli)liiiric  acid  compound  of  oleic  acid  (.«fwy/r«,  p.  38). 

Ajtht/fJrofiifMiystffirir  Acid.  —  When  dioxystearic  acid  (melting 
point    Kitr*r>)   is   distilled    under   diminished    pressure    (100 
180  nun.)  it  breaks  np  into  w^ater,  and  a  monobasic  acid,  isomerii 
with    ricinoleic    acid,    melting    at    77-79'',    and    solidifying 
66°-CD\*    Fi\>ni  its  nntrle  of  fornjation  this  product  is  obWou&l; 

indicated  Ijy  tlie  formula,  C^-H,^^  <  "  pp.    ^.-rr  ,  being  a  satu 

compound,  not  containing  ale*  >holift.irm  hythvixyl  likericinoleicaci 
•  A»  SftytzefT,  /*  prakt.  Cheni.  [2],  vol.  xxxiii,,  p.  300L 
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It  is  not  improbable  that  the  rapic  acid  above  mentioned 
has  an  analogous  constitution,  since  the  low  acetyl  number  pos- 
sessed by  colza  oil  renders  it  unlikely  that  any  large  quantity 
of  aglyceride  of  a  hydroxylated  acid  is  present  therein  (Chap,  viii.) 


POLYHYDROXYLATED  STEARIC  ACIDS. 


A  number  of  acids  are  known,  related  to  stearic  acid  in  that 
they  are  derived  therefrom  by  the  replacement  of  two  or  more 
hydrogen  atoms  by  hydroxyl  groups — i.e.,  by  a  further  continu- 
ance of  the  action  by  means  of  which  oxystearic  acids  may  be 
regarded  as  derived  from  stearic  acid.  These  polyhydroxylated 
derivatives  are  all  expressed  by  the  general  formula, 

C,,H^.,(OH)..CO.OH 

When  n  =  1,  some  modification  of  oxystearic  acid  results ;  when 
n  =  2,  a  dioxystearic  acid  (higher  homologue  of  glyceric  acid); 
similarly,  when  n  =  3,  4,  or  6,  trioxy-,  tetroxy,  and  hexoxy- 
stearic  acids  respectively  result. 

The  following  table  gives  the  principal  sources  and  melting 
points  of  these  acids,  the  usual  mode  of  production  being  gentle 
oxidation  of  the  acid  serving  as  source  wnth  alkaline  perman- 
ganate : — * 


Name. 
Dioxystearic  acid, 

FormolA. 

Source. 
Oleic  acid. 

Melting 
Point. 

13r'5 

Solidifying 
Point 

CirH33(OH)2.CO.OH, 

119".  122'' 

Isodioxystearic  acid, 

Do., 

Elaidic  acid, 

9r-ioo° 

so^se" 

Do., 

Do., 

Isoleic  acid. 

77'-78'' 

64^66'* 

Trioxystearic  acid. 

Ci7Ha,(OH)8.CO.OH, 

Castor  oil. 

14(r.l42*' 

Isotrioxystearic     \ 
acid,                      f 

Do., 

Do., 

iio'-iir 

... 

^-isotrioxystearic  \ 
acid,                    j 

-■    { 

Eicinelaidic 
acid, 

114*'-115° 

... 

Sativic  acid 

(Tetroxysiearic    > 

Ci7H3x(0H)4.C0.0H, 

Linolic  acid. 

173' 

... 

acid). 

linusic  acid            ) 

(Hexoxy stearic    > 

C,7H29(OH)4.CO.OH, 

Linolenic  acid. 

203^205^ 

••• 

acid), 

/ 

Hemp    seed  v 

!                1 

Isolinnsic  acid        i 
(Isohexoxy-          | 
stearic  acid),        ) 

\ 

oil,       &c.. ) 

Do.,               V    (supposed    V 

173M7i:'' 

1      isolinolenic  \ 

^      acid),            ^ 

! 

L_._„  ._ 

*  A  dioxystearic  acid  (melting  point  136°)  is  also  obtainable  in  small 
quantity  by  the  action  of  silver  hydroxide  on  the  dibromido  of  oleic  acid 
(p.  30);  also  by  the  hydration  of  oxyoleic  acid  (p.  41).     Oxyh^'pogcic  acid 
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A.  reniarkaHe  rule  is  uiiifiirinly  followed  in  all  cases  wbere 
iinsiitunitpfl  fsitty  ucicls  are  thus  oxidised — viz.,  that  a  nmnhfr 
of  hiffirort//  t/roftj>K  in  a/tvot/ti  takf^n  up  sfi^el^ttt  to  form  <i  -*fi/f*-j 
Tftff't/  poft/ort/  arift*  Thus  in  the  case  of  the  oxy stearic  aciris, 
uiiHJiturtiti'd  acids  uf  form  C,-H,53.  CO  :OH  (oleic,  isoleic,  ami 
elaidic  iR-ids),  take  up  trro  liydmxyl  groups  funning  three  dif- 
ferent dioxyst^jaric  acids,  t'nH.;,,  J  J;.^   Utt  ;  similarly  ric  in  oleic 

and  ricin elaidic  acids  i»f  furni   C 

<  1  n » X  y  I  gn » u  ji h,  p n  k1  u  c i  n  g  t  w  <  1 1  rioxy stearic  acids,  C^^  H ,, , , '  j ;  .    '•'jj, 

In  the  yame  way  hendeceunic,  hypoga^ic,  and  enicic  acids  t^ike  up" 
*2  liydruxyl  grmtps  giving  rise  in  dioxyhendecuic^  dioxypalndtic^ 
ami   clioxyhenic  ncxd^   respectively.      *)n   the  uther   hand^  linoliu 
acid,    C^;-lL{j .  CO.  OIJ,  takes  up    1    hydroxy  I   groups,  producing  J 


4 


sat] vie  (tetroxystearic)  acid,  Cj^H^^  I  J,"  ^  J*xt  ;  whilst  Unolenic 
Jicid,  Cj-Ho^, .  CO  .  OH,  takes  up  G  groups,  producing  linusi^ 
(hex  oxy  a  tear  ic )  acid ,  0  j ;  1 1  ^.„  \  tu)   ^  u  • 

The  aljove  rule  appears  to  be  only  a  particular  caae  of  a  con 
siderahly  wider  i>rinciple  applying  also  to  liydn>carl»ons  and 
ali'^ihols,  A'c,  of  unsaturated  character,  w  hich  may  1h?  put  in  the 
form  of  the  fi>ll<»wing  theorem  :--  ^M 

With  *'<tihgfttnrrs  t'onffrinhif/  t/tf'  tfranp  -  Cli  ^  UK  —    {ur  cei^^B 
Uingnmps  thence  derived,  -^  OR  -  CH,  -   and  -  CR  ^  CH  - , 
where  R  and   S  are  mmnid  alkyl  radicles),  thr  tj/Wt  of  funtltjnn^j 
affenfii  (f  not  ftHt  enen/rtft'  a  clittrto*tr'r  itt  to  e^rtts*'  fhf  fttldition  offm 
hydroxyl  niflicfrji  ^^o  ff,v  ta  Junn  tlo'  tfrottp  -  CM.  OH  -  CH»OH  - 
(or  the  derivetl    gn>up   -  CR,OH  -  CS,OH   - ),   (his   actio 
Oft*  It  rr  if  Iff  ttvire  atvr  if  twt*  t/ron/nt  -  CH  ~  CH  —    are  pi^ni 
thrief  or^r  if  fhrer  ^/roupH  ar**  prpHfut^  and  so  on. 

Thus  Wagner  has  fomid  *  that  oletine,**  are  readily  transforme*!" 
into  glycnls   hy  means  of  jxjtassimii   pernninganate  in   virtue  nf 
this  reliction  ;   alcfihuls  uf  unsatunittHl  eharacter  (allylic  sverieaj^ 
similarly  l)eeotne  glyceruls  ;  hydrtM^arU*ns  containing  the  grouj 
—  CH  ^  CH   -    twice  (f.r/.,  diallyl)  bet^jine  erythnds,  and  so  on 
Olvcerol  itself  is  thus  t»htiiinahle  from  alhiie  alcohol. 


(from  dibramifle  of  hypoga^io  acid)  behavf?8  similarly,  forming  a  d'mxf* 
paimilie  acici,  melting  pottit  IKV,  A  tlinxyimlnntk  acid  viu  ohtJLinefl  ' 
Gtiager  {otter  alia)  hy  ihe  direct  oxidation  of  ].talmttic  acid  with  alkalti 
pemxiDganate.  Two  t(iaxtfbrnif  nriffi*  nre  known^  respectively  derive 
trofii  the  dibromides  of  erucic  and  biussic  acids  i  p.  21V),  ^ud  melting 
13r  133  and  9S^99'. 

•  tiaxara  A  Gn»8«ncr.  Jonrnal  S&c  CArM.  Industry t  1888,  jv  506;  from 
Momtufah,  Chtm,^  vol,  ix.,  p,  IKO. 

t  Berichtt,  d,  /MhL  Vhrm,  ^iVa.,  It^H,  *2K  p^  1230  Jttid  3013. 
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In  all  probability  the  first  action  taking  place  is  the  direct  com- 
bination of  oxygen  in  the  same  way  as  the  combination  of  bro- 
mine or  iodine,  thereby  forming  a  substance  containing  the  group 
— CH  — CE  — CR^ 

^  O,  or  the  derived  groups         |       j>0     or  I     ^  O; 

— CH  — CH^  —OS 

this  product  then  assimilating  water  whilst  nascent. 

Thus,  for  example,  oleic  acid,  Cj-H^-j .  CO .  OH,  may  be  supposed 

to  combine  with  oxygen,  forming  C^^Hg.,  s  ~  p/x   ^tt  ;  by  ta,k- 

ing    up    water    this    immediately    produces   dioxystearic    acid, 

(OH 
CVH.>3  ion         ;    whilst    linolic    acid,   CpH..! .  CO .  OH,  simi- 
'     ^     (CO.  OH 

I  =^ 

larly  first  forms  Ci-H..^  (  =0  ,  which  by  taking  up  2HoO 

'     '    (  - CO . OH 

{OH 
OH 
OH 
OH 
CO.  OH 

In  the  case  of  the  stearolic  acid  and  its  homologues  obtained 
from  acrylic  acids  by  the  bromine  reaction  (addition  of  Br^  and 
removal  of  2HBr,  p.  31),  the  effect  of  oxidation  stops  short  at 
the  first  stage,  2  atoms  of  oxygen  being  added  on  forming  a  satu- 
rated compound  which  does  7iot  take  up  water.     Thus  stearolic 

acid,  CpH.i .  CO .  OH,  forms  stearoxylic  add,  Cj-H.j      =0 

*        {  -CO.  OH 

melting  at  S^'-SG**,  by  the  direct  action  of  nitric  ticid  (Overbeck),* 
or  by  means  of  alkaline  permanganate  (Hazura  ^.  Griissner). 
Similarly  palmitolic  acid  (from  hypogseic  dibromide),  gives  the 

aniih)*f{mii  ]}ahni(o.ri/iic  acid,  Cj^jH.,- -^  =0  ,  melting  at  67" 

"  (  - CO .  OH 
(Schrceder);  and  l>enolic  acid  (from  erucic  dibromide)  gives  ben- 


\  C,,H,J=0 
(-CC 


ojyl'u:  acid  ^    melting   at    OO'-Or,  CjH.jj,  ^  =0  (Hauss- 

^     CO. OH 
knccht). 

*  Overbeck  ( AnnaUn.  Chem.  Pharm.,  1866, 140,  p.39)  found  that  the  stear- 
oxylic acid  thus  prepared  would  not  combine  with  bromine,  and  concluded 
that  the  4  affinity  units  which  in  stearolic  acid  are  capable  of  combining 
with  Br4,  are  saturated  by  oxygen  when  stearolic  acid  is  converted  into 
stearoxylic  acid. 

t  Termed  ^'dioxybenolic  acid'*  by  its  discoverer. 
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By  the  action  of  heat  (distillation  in  vacuo)  dioxystearic  acid 
(melting  at  136*),  loses  water  forming  an  anhydro  derivative  still 
possessing  the  characters  of  a  monobasic  acid  (SaytzeflT) ;  obvionsly 
thus — 

(OH  (  =  O 

C,tH33]OH  =        H2O        +        C17H83J 

(CO.  OH  (   -  CO.  OH 

the   reaction   being   the   converse   of  the  second  stage  in  the 
hydroxy lation  of  unsaturated  acids  as  above. 
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§  2.  Physical  Properties  of  Oils,  Fats, 
Waxes,  &c. 


CHAPTER  IV. 

GENERAL  PHYSICAL  CHARACTERS. 

PHYSICAL  TEXTURE  AND  CONSISTENCY. 

The  physical  consistency  of  a  fixed  oil — buttnr,  fat,  or  wax — 
depends  entirely  upon  the  temperature  ;  when  this  is  sufficiently 
raised  all  are  fluid  oils ;  but  at  lower  temperatures,  according  to 
the  nature  of  the  substance,  more  or  less  complete  solidification 
is  brought  about.  In  many  cases,  natural  fixed  oils,  &c.,  are 
mixtures  of  different  glycerides,  «fec.,  the  melting  points  of  which 
are  different ;  accordingly,  at  temperatures  somewhat  below  the 
melting  point  of  the  least  fusible  constituent,  this  more  or  less 
completely  solidifies,  whilst  the  other  constituents  remain  liquid, 
thus  giving  rise  to  pastiness  or  buttery  texture.  Substiinces  of 
practically  uniform  composition  (i.e.y  consisting  essentially  of  only 
one  kind  of  compound)  generally  exhibit  a  fairly  sharply  defined 
melting  point  when  the  temperature  is  sufficiently  raised ;  but  this 
is  not  the  case  with  mixtures;  accordingly,  considerably  different 
temperatures  will  be  registered  as  the  fusing  points  of  such  sub- 
stances if  different  methods  be  employed,  depending,  for  instance, 
in  one  case,  upon  the  production  of  a  considerable  degree  of 
softness  only ;  in  another,  upon  the  complete  licjuefaction  of  all 
the  constituents  ;  and  so  on  {vide  p.  61,  G.3). 

Even  the  most  fluid  oils  passess  to  a  greater  or  lesser  extent 
the  property  oi  viscosity,  or  resistance  to  flow,  due  to  the  greater 
or  lesser  degree  of  cohesion  between  the  constituent  particles  of 
the  liquid.  When  the  smooth  surfaces  of  two  solids  are  smeared 
or  wetted  with  a  viscous  fluid  and  applied  to  one  another,  a 
varying  degree  of  force  will  be  requisite,  according  to  circum- 
stances, in  order  to  enable  one  surface  to  glide  over  the  other. 
The  amount  offeree  requisite  in  any  given  case  largely  depends  on 
the  viscosity  of  the  fluid  employe<l;  to  diminish  this  force  is  the 
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main  ol>ject  of  Inhi 


'h'ntinn  ill  the  eaKe  of  »»iariiinery,  ami  ui  conse 
ijiiiiitioit  (if  the  relativt^  lubricating  pfr 
diti'ert^iit  Hiaterials  (lulirieatiiig  uils,  k\:S)  is  an  iuipui'tjint  pi.iint  in 
the  valuation  for  such  purpi^se«  tif  tlitfereiit  tixed  oils,  niixturci 
of  the?^e  and  mineral  nils,  and   sueh   like  suhstani'es  ein|>lnyed  fo 
the  purpose.      It  is  found  that  the  nile  at  which  a  given  Hui 
ilowH  through  an  oriiice  of  stjiiidanl  tlinienwions  is  in  iiianv  ensf^ 
a  tair  tneii,sure  *>f  its  lubrieative  jniwers  ;  whence  the  (Jetentiiua^ 
tion  18  fretiueiitly  made  of  thr  nite  of  ettiux  of  Idhrieatirig  oils^ 
^c.^  as  cojn]iured  with  tliat  of  a  stanrlanl   thiid  (such  a.s  nij>e  oil)»J 
sindlarly  exanjiiiefl  in  the  same  api>arutiis  at  the  same  temjiei 
ture,  the  value  iletUieeil  l>einc(  generally  (hut  liy  no  ineaiiH  ch* 
rectly)  spoken  uf  its  the  nltttivf  rtnnutttitt/  df  the  tluid  exaiainedl 
(vulf  Chap,  v.) 

Cohesion  Figures. — ^When  a  diup  nf  nit   is  allow etl  ti»  ful 
gently  on  the  surface  of  water  in  a  iKisin  ur  large  plate,  it  ofte 


Fig.  L 

behaves  in  a  ohsiraeleristie  way,  usually  lirst  .spreading  out  fntn 
a  thin  film  and  then  retracting  again,  Jt  has  Ijeen  suggestefl 
that  the  particular  fnriiis  assuin*^d  by  (ituis  uf  various  kiiitls 
{t'uhftiioit  Jif/urfH)  are  sullicierUly  well  defined  an<l  eharact eristic 
to  be  uf  service  in    the  examination    of  oils    witli    a    n  iew    tai 
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detecting  adultreration  ;  Imt  h?^  yet  little  success  has  attendeil 
©xperiraents  in  this  clirection.  Olive  nil  thus  treated  gives  a  fjjtirly 
characteris^tic  result,  which  is  rni>re  ur  less  modified  by  variou« 
admixtures,  especially  sesame  mi.  Fig,  1  (Schadler)  represents 
the  different  oobesion  figures  exhilnted  by  colza  oil  (A,  linisinca 
rapa  :  B,  Brasifica  nap  as) ;  jxippy  seed  oil  {C  and  I)) ;  sesame 
oil  (E)  ;  amchis  oil  (F) ;  and  olive  oil  (G). 

Taste  and    Odour. — When   in   a  state  of  absolute  purity* 
fixetl  oils  have  usually  little  or  no  odour  or  taste  ;  !mt  cLs   raet 
with    in   couiinerce,    in   most   cases  traces   of  sapi*l  or  odorous 
matters  accompany  the  oil,  so  as  give  a  uitu'e  or  less  characteristic 
flavour  or  smell  thereto.     Essential  oils  of  the  oxidised  class,  on 
the  other  hnnd,  are  fre«|aently  possessed  <if  most  powerful  scent, 
although  the  hytlroear}K>ris  therein  contained,  when  completely 
neparat-ed  from  all  traces  of  oxidised  matter  (by  heating  with 
aodiuni  or  other  similar  means i,  are  generally  odourless  or  practi- 
cally so.     As   regards    the  edible   <*i!s  and   faLs,  a  considerable 
amount  of  their  vahie  depends  on  the  delicacy  and  purity  of  the 
flavour;  thus  genuine  olive  oil  is  esteemed  far  more  highly  by 
connoisseurs  than  refined  cotton    seed   oil,  groundnut  oil,   and 
similar  substances  with  which  the  ordinary  commercial  article  is 
oft+?n  largely  intermixed,  althcmgh,  froui  the  nutritive  p[nnt  of 
view,  thase  latter  are  probiibly  quite  equal  in  value  to  the  pure 
product  of  the  olive.     Simihirly,  the  commercial  value  of  butter 
is  largely  ati'eeted  by  its  tlavour  and  freedom  from  all  trace  of 
rancidity  or  rankness  ,-    tmd  analogous  remarks  apply  to   larcL 
The  dirticulty  of  removing  all  matters  communicating  unpleasant 
odour  or  t^iste  to  many  varieties  of  iatty  or  oily  matter  often 
prevents  these  being  used  for  dietetic  purposes  to  any  consider- 
ble  extent,  at  any    rate  liy  civilised  nations  ;    in  the  case    of 
me  materials — ^.;/.,  cod  liver  oil — such  removal  is  practically 
iipossible    wdthout    more  or    less    interfering    with  the  special 
lanicters  and  tjualities  of  t!ie  substance.     Paim  oil  has  genenilly 
j>eculiar  smell,  recalling  that  of  violets,  and  for  certain  purposes 
e  possession  of  this  odour  is  valuable — ejj.^    in  the  prepara- 
\im  of  certain    kinrls  of  scented   soaps.     The  development   of 
rancidity  "  in   llxecl  oils  on  keeping  is  in  most  CAses  due  to 
the  presence  in  small  quantity  of  mucilaginous  or  albuminous 
LvB matters  which  undergo  chemical  changes  (oxidation,  or  decom- 
pHposition,  kc)  in  the  course  of  time  ;  accordingly,  the  purification 
'  ^and  refining  of  crude  oils,  tfec,  for  the  purpose  of  removing  these 
ingredients  is  often  a  highly  important  operation. 

Colour, — Expressed  veget^ible  fixed  oils  sometimes  posses^s  a 

enish  shade,  due  to  the  presence  of  chlorophyll ;  as  a  general 

le,  coldpressed  oils  of  all  kinds,  prepared  from  fresh  substances, 

almost  white ;    wdiilst  oUs  subsequently  expressed   by  the 

of  beat,  especially  from  materials  that  have  been  sUjred  some 

le,  are  generally  darker    in    tint^    the   hue    varying    from  a 
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light  straw  yellow  t^  ii  light  or  even  dark  hrown.     Palm  btii 
usually  contiiins  a  dark  orange  red  colourmg  matter,  dilTerei 
from   cirlorophyll  ;    similar  sut>sfeaiiees  appear  to  \ie  present  m 
amallor  quantity  in  many  other  oils,  leading  to  the  necessity  for 
bleaching  them   for  certrun    purposes.     The  refinii^g  proces8e8» 
whereby    mucilaginous    extraetive    matters,    ikc,,    are    remove 
usually  serve  to  lighten  the  colour  also. 

The  addition  of  coloured  vegetable  expressed  oils  (containing 
chlorophyll,  ttc.)  to  animal  oilsj  such  as  sperm  oil,  raay  sometimes 
he  detected  by  means  of  the  aViBarj>tion  speetroscope  *  when  such 
adulteration  has  been  practised. 

The  pheuinnenrdi  of  Jluore^cejice  does  not  appear  to  he  exhibited 
by  refined  vegetable  or  animal  oils  free  from  substances  possessed 
of  fluoreseetit  properties  (such  as  a^sculin,  occasionallj  found  in 
horse-chestnut  oil);  on  the  other  hand,  product*  of  destructive 
distillation  (coal tar  and  rosin  oik,  ttc.)  often  exhibit  this  peculi- 
arity, so  that  admixtures  of  such  hydrocarbons  with  nujreexpen- 
aive  vegetable  and  animal  oils  may  snmetimes  be  thus  detectetL 

Action  of  Polarised  Light. — The  majority  of  the  oils 
fats  in  common  use  have  so  little  actiiin  of  a  marke<l  characi 
on  pularised  light  that  little,  if  any^  deliuite  information  of  pi 
tical  value  is,  us  a  rule,  obtainable  l>y  means  of  such  light;  ud 
the  other  hand^  adulteration  with  strongly  active  hydixjcarbons 
(such  as  some  kinds  of  rosin  oils)  may  sometimes  be  detected  hf 
means  of  the  polariscope. 

Bishop   has   obtained    the    following   values   for   a  length  of 
200  mm.  of  various   oils   in   a  Laui*ent  polarimeter;   the  oth 
figure; s  annexed  are  from  Schadler  ; — 


pen-      I 

cteM 
^rao^l 


I 


/  Linseed  oil, 
1  Xut  oil,     . 

L«vo«y«uJf,s:u:   ;    : 

I  8weet  almond  oil, 
\ Colza  oil,  .         . 

Cotton  aeed  oil, 

Pojtpy  seed  oil, 

SeAl  oil,     . 

Olive  oil,  . 

Cod  Uver  oil, 
Dextrogyrate,^  Cold  pressed  sesame  oil, 

Hot 
\  Castor  oil,         , 


Neutral,  or 
nearly  eo^ 


fOlr 

Cm 

%leJ  Col 


special    form    of   iAhBorplion    Bptclruiii   colorimeter  for  this  sort  of 
exAminatioQ  has  been  devised  by  T*  L.  Puterson ;  vide  Journ,  Hoc,  Ch\ 


InduMry,  1890,  p.  36» 
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Peter  finds  most  vegetable  oils  to  l)e  slightly  laevogyrate,  olive 
oil  being  an  exception,  so  that  admixtures  of  other  oils  may  some- 
times be  detected  by  the  rotation  being  left  handed  instead  of 
right  handed.  Croton*  oil  and  castor  oil,  however,  are  compara- 
tively powerfully  dextrogyrate,  giving  values  exceeding  +  40". 

Refractive  Index. — The  differences  in  refractive  power 
exhibited  by  different  oils  are  in  most  cases  hardly  sufficiently 
marked  to  render  this  property  of  much  value  in  discriminating 
one  from  the  other,  or  in  detecting  admixtures,  excepting  in  the 
case  of  a  few  oils  and  fats,  such  as  olive  oil  and  cow's  butter; 
thus  Strohmer  gives  the  following  values  for  the  I)  line  at  15', 
and  Abbe  the  annexed  values  at  20",  water  being  taken  as 
13330:— 


1 

1 

1 

Strohmer. 
1-4C98  to  1-4703 

AbW. 

Olive  oil, 

1-4690 

)  Almond  oil,         .... 

1-4810 

Sesam6  oil  (new), 

1  -4748 

... 

,,      nine  years  old, 

1-4762 

... 

Walnnt  oil,         .... 

1-491 

1  Cotton  seed  oil, 

1-4732  to  1-4752 

5  Crude,       14732 
)  Refined,    1-4748 

'  Kape  and  colza  oil,     . 

1-4720  to  1-4757 

1-472  to  1-475 

'  Beechnut  oil,      .... 

1-5000 

Cold  drawn  castor  oil. 

1-4795 

}     1-490 

Hot  pressed          „              .         . 

l-48a3 

Cold  drawn  linseed  oil, 

1-4835 

1-4780 

Poppy  seed  oil,  .... 
Cod  liver  oil,       . 

1-4783 

1-4670 

1-4800  to  1-4852 

1-4800 

Whale  oil 

1-483 

Sperm  oil,           .... 

... 

1-470 

From  which  it  appears  that  olive  oil  has  a  sensibly  lower  re- 
fractive index  than  the  others,  whilst  drying  oils  and  castor  oil 
exhibit  the  highest  values.  For  the  direct  determination  of  the 
refractive  index  of  oils  and  other  substances,  Abb(^  and  Pulfrich 
have  devised  special  "  refractometers." 

Amagat  and  Jean*  have  also  constructed  an  " oleorefracto- 
meter,"  whereby  the  refractive  power  of  a  given  oil  is  determined 
by  differential  comparison  with  a  sample  of  genuine  oil  taken  as 
standard,  a  positive  reading  denoting  increased  refractive  index 
and  vice  versd  :  the  following  comparative  differential  values  have 
l)een  obtained  by  de  Bruijn  and  von  Leent  and  by  Jean  in  this 
way,  from  which  results  they  infer  that  the  refractive  powers  of 


•  CompUn  renduM,  1S89,  109,  p.  010 ;  see  also  Jouni.  Soc,  Chem.  Indnstry, 
1890,  pp.  113  and  218. 


52  OILS,    FATS,    WAXES,    ETC, 

nils,  when  thus  tested,  are  capalde  t>f  giving  more  information  as 
to  admixture  thftti  is  uHually  Hirjipi^eiL  The  nil  t*,>  be  examined 
should  he  previously  shaken  with  ahMihtd  to  dissolve  out  frcf* 
fatty  acids;  the  starifhiiH^l  of  comparison  wa.s  a  s^implo  of  thi* 
purest  olive  oil  ubtainable  : — ■ 


da  BrnljQ  oMii  v. 

Jttin. 

Horse  ft»ot  oil»       ,         .         .         , 

8perm  oil, 

Neat's  foot  oil , 

8hecp'H  trotter  oil« 

Olive  oil ,     , 

1  Almond  oil,          ,         ,         ,         . 
1  Aracbifioil,           ,        .         .        , 

Colza  oil 

tSeaatnti  oil,   . 

Cotton  micd  oih    . 

Maize  oih 

Foppv  seed  oil,     . 

Whale  oil, 

Hemp  B<>cdoih      ,         ♦        .         . 

Castor  oil, 

Linsei'd  oil. 
'     Cod  liver  oil 

Whale  oil 

0  to  +  2 

-f  7 
+     3  to  -f     4 
+  15  t«  +  hS 

+  45 

4-  37  to  +  46 

4-  49  to  +  54 

—  12 
"   12 

-  3 
0 

+  1  "5  to  -h  2 

^  4  to  -r  5 
+  l<>ato  +  17 '5 
+  17          1 
+  2<i 
+  27 
-f  30 
+  30-5 
i-  33 
-i'  4<J 

+  ri3 

+  42 
-^  30-5 

Holde  has  olitfiined  the  following  average  results  with  this 
instrument,*  the  tem^teraturc  «if  the  testing-ro<jin  being  close  to 
20^  throughout : — 


Unjiifi  of  JdUbx  or  llprrttctiotu 

BleftQ  Iiidflx, 

14735 
1  4744 
1  '4d«S 
1  -4923 
1  3344 

Refined  rape  oil,        ,         •         . 
Crnile  rape  oih 

Olive  oil, 

Mine  nil  oil,       .         .         .         , 
Rcsiii  oil,          .... 

1-4722  to  1-4736 
l'47r»  ,,  1-47130 
l-4U7r^  ,,   l-47t>5 
l-477<i  .,  1 -40841 
1-5274  „  1"5415 

The  presence  of  rape  tal  in  oli\c  oil  can  t!ius  be  iletected  when 
any  consideridxle  amrmnt  of  adulteration  has  be<*n  m:wle. 

Jn  the  ca,se  rtf  butter,  Jean  claims  that  the  oleorefraetomet^r 
is  capalde  of  rendering  useful  .service  in  the  InlMiratory.  Even  if 
butter  is  not  sufticiently  constant  in  refractive  power  to  enable  a 
deciiiion  to  be  always  arrived  at  as  to  the  genuineness  or  other- 

*/o«m.  Soc.  Chcm.  InUuttiy^  1801,  p.  1«jO. 
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wise  of  a  given  sample  without  further  tests,  still  the  oleo- 
refractometer  indications  at  least  enable  a  rough  classification  of 
a  variety  of  samples  to  be  made,  viz.,  those  undoubtedly  spurious, 
those  doubtful,  and  those  probably  genuine.  The  normal  butter 
deviation  is  regarded  by  him  as  -  29°  to  -  31*,  averaging  -  30** ; 
if  higher  values  {32'*-36*)  are  observed,  admixture  with  palm  or 
cokernut  oil  is  probable;  slightly  lower  ones  (25'*-29'*)  correspond 
with  doubtful  qualities ;  margarine  and  oleomargarine  give  much 
lower  figures,  13°-17\*  Genuine  butters  have  been  found  that 
give  values  materially  below  the  normal  deviation,  but  the  cause 
of  this  is  considered  by  Jean  to  be  that  the  cows  have  been  fed 
on  oilcake,  unaltered  oil  from  which  finds  its  way  into  the 
secreted  milk  in  quantity  large  enough  to  affect  the  refraction, 
though  too  small  to  produce  any  marked  effect  either  on  the 
saponification  equivalent,  or  the  Reichert-Meissl-Wollny  figure 
for  volatile  acids  (Chap,  viii.) 

Various  British  analysts  also  regard  the  oleorefractometer  as 
useful  in  preliminary  butter  examination,  but  other  chemists 
consider  its  value  in  this  respect  to  be  overrated  ;  thus  de  Bruijn 
jind  von  Leent  obtained  very  discordant  results  with  Dutch 
butters,  whilst  H.  O.  G.  Ellinger  found  t  that  genuine  Danish 
butters  gave  deflections  varying  between  23°  and  35°,  according 
to  the  season  of  the  year. 

Electrical  Conductivity. — In  general,  but  little  information 
is  obtainable  by  examining  the  relative  electrical  conductivities  of 
different  oils.  Olive  oil,  however,  has  a  much  lower  conducting 
power  than  most  other  oils  of  ordinary  occurrence,  and  hence, 
attempts  to  utilise  this  property  as  a  means  of  detecting  adultera- 
tion of  olive  oil  have  oeen  made,  notably  by  Palmieri,  who  has 
constructed  a  special  instrument,  or  diagometer,  for  the  purpose ; 
as  yet,  however,  this  method  does  not  seem  to  have  come  into 
practical  use  to  any  considerable  extent. 


SOLUBILITY  OF  OILS,  FATS,  &c.,  IN  VARIOUS 
SOLVENTS. 

The  immiscibility  of  "  oil  and  water  "  is  proverbial ;  but  some 
few  oils  are  known  where  the  solubility  in  water,  although  far 
from  perfect,  is  not  entirely  inconsiderable ;  thus  the  fusel  oils  of 
fermentation,  and  certain  oxidised  volatile  essential  oils,  and 
products  of  distillation  {e.g.,  phenol),  dissolve  in  water  to  the 

♦  Joum.  Soc.  Chem.  Industry,  1892,  p.  945;  from  Monit.  Sclent.,  1892,  6, 
p.  91. 

t  The  Analytic  1891,  p.  197 ;  from  Joum,  t  prakt,  Chemie,  [2]  44,  p. 
157. 
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extent  of  n  fmv  per  cents,  by  weight  at  unlitini-y  temporatt 
As  a  general  rule,  however,  iixed  oils  and  hyilnK'^xrhons  are,  ftirl 
practical  purposes,  entirely  insoluble  in  pure  water;  in  some  few 
cases  dilute  alkaline  solutions  dissolve  them  stmiewhat  more  freely 
than  pure  water;  in  others  the  presRJice  of  acids  slightly  promotes 
solubility  ;  but»  hh  n  rule,  when  ne^itral  salts  are  present  t^*  any 
extent,  their  presence  prevents  the  solution  of  the  oil,  S:c.; 
that  on  iigiLiting  an  ai^ueous  solution  with  solid  connnon  salt  oe 
with  sodium  sulphate,  iLs  the  mineral  matter  goes  into  solution 
the  disscilved  oil  is  more  or  less  thrown  out  of  solution.  Th 
same  phenomenon  is  observed  with  the  potash  and  soda  salts  < 
most  of  the  fatty  acids,  so  that  when  an  atpieous  solution  of  sue  ^ 
salts  (siiaps)  are  treated  with  neutral  saline  matters^  the  organic 
salta  are  thrown  out  of  solution  ;  this  J^ropei'ty  is  largely  utilis 
in  the  onlinary  process  of  soap  boiiitig. 

Stroiaj  alrohul  does  not  (»xert  any  great  degree  of  solvent  action 
in  the  et»ld  on  most  tixed  oils,  solid  fats,    or  waxes  ;    wher 
many  essential  oils,  whether  liydrocarhons  or  4»f  oxidised  nature 
are  extremely  freely  soluble  therein.     Similarly^  resins  and  fre 
fatty  acids  are,  gCHierally  speaking,  niLKlerateiy  soluble  in  aleoho 
especially  when  alnuist  aidiythous  ami   warm.     Some  few  fixe 
oils,  tois  are  exceptional  as  regards  solulnlily  in  aleohoh  mor 
especially  eff^ffif  t>if  ami  rrfifun  oi7,  and  to  a  lesser  extent  coker^ 
nut  oil,  rows  butter,  and  linseed  oih 

(Urard  iinds  that  abs<ilute  alc<:>bol  at  15'  dissolves  the  folio  wing 
proportions  of  various  oils  : — 

^"•^"""•1 IT,  to  20  per  cent. 

Colza  on,  i 

Mustard  seed  oil,    ....  2*7  ,» 

Hazelnut  oil, 3 '3  „ 

Olive  olb 3-tl  ,, 

Ahnoiid  oil,     .         .         .         ,         .  3 '9  „ 

Seaamii  oil, 4*1  ,, 

Apric*>t  kernel  fnl,  .         .         .         .  4 '3  „ 

Nutoib 4-4  „ 

Beechnut  oil, 4 "4  ,, 

Poppy  *eeii  oil 4*7  «* 

fiemp  seed  ml 5*3  i. 

Cotton  seed  oil.        .         ,         .         .  {J'4  „ 

ArixchiH  «>il, 6*0  ,, 

Liiiflcpfl  oil,      .....  7*0  ,» 

Caiueliua  oil, 7*»  ,» 


JSchadler'  *jive8  tiie  following  Table  repre^ienting  tlie  quantitie 
•it  alcohol,  *»f  Hpecific  gmvity  '800^  rerjuired  to  diiiaolve  1   part 
oil  or  fat: — 
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i 

1 

Cold. 
Parts. 

1 

i 

Almond  oil,       .         ... 

60 

1     Cacao  batter,    . 

... 

Cotton  seed  oil, 

75 

!     Croton  oil. 

36 

Camelina  oil,     . 

68 

Cod  liver  oil,     . 

45 

1     Hemp  oil. 

30 

Japan  wax. 

1     Linseed  oil, 

40 

L#ard  (hoz's),     . 
j     Madia  oil. 

... 

30 

1     Nut  oil  (walnut). 

100 

1    Nutmeg  oil. 

Poppy  seed. 
Tallow  (sheep), 

25 

1    Suet  (ox  tallow). 

Whale  oil  (bottlenosc 

0, 

... 

BoiliDff. 


Parts. 

15 

4 


Soluble  in  all  proportions. 

3 

5 
27 

6 
GO  alcohol  to  100  of  oil. 

4 

6 
45 
40 

1 


A.S  a  general  rule,  fixed  oils  are  very  freely  soluble  in  carbon 
disnl phide^  cldoroform.^  carbon  fetracIJoride,  ether^  benzene^  light 
pefrofeum  distillate  (mostly  consisting  of  pentane  and  hexane 
with  their  homologues),  and  oil  of  turpentine ;  and  on  this 
property  are  based  various  methods  of  extracting  oleaginous 
matters  from  natural  and  other  sources.  Castor  oil,  however, 
Ls  almost  insoluble  in  light  petroleum  spirit;  whilst  drying 
oils,  when  oxidised  to  some  considercable  extent,  generally  be- 
come either  ijuite  insoluble  in  these  various  solvents,  or  nearly 
8o,  the  decrease  in  solubility  usually  being  the  more  marked  the 
greater  the  degree  of  oxidation.  The  fiction  of  nitrous  acid  on 
an  oil  (conversion  into  elaidin.  Chap,  vii.)  usually  diminishes 
the  solubility  of  the  oil  thus  affected. 

Wacutl  otietic  acid  has  been  found  by  Valeiita  to  be  a  con- 
venient solvent  for  certain  oils,  &c.,  as  a  means  of  separation 
from  one  another.  Thus,  when  equal  volumes  of  acid  and  oil  are 
intermixed,  the  oil  being  previously  warmed,  complete  solution, 
even  when  cold,  occurs  with  castor  oily  rosin  oil,  and  olii^s  kernel 
oil,  whilst  ra]}e  oil,  mustard  seed  oil,  and  tvild  radish  seed  oil  are 
not  completely  dissolved  even  at  the  boiling  point  of  the  mixture. 
Most  other  oils  give  a  clear  fluid  whilst  hot,  which  on  cooling 
becomes  turbid,  owing  to  the  lesser  solubility  of  the  oil  in  the 
acetic  acid  at  lower  temperatures.  It  hjis  been  proposed  •  to 
make  use  of  the  temperature  at  which  turbidity  is  thus  brought 
about  as  a  distinguishing  test  for  oils  of  various  kinds  ;  but  the 
figures   obtained    by   different    authorities    who   have   repeated 

'    *  Valcnta,  Diwjlern  Polfttefh,  Jovrnal,  252,  p.  21M> ;  also,  Journal  of  tlie 
Chemiral  SoHetij,  46,  p.  1078. 
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Yaleiita's  expeiiuients,  exhibit  sc:>  nuK"]i  discrepancy  as  to  render 
it  very  doubtful  whether  the  resultfi  can  be  relied  upon  at  aO,  ivt 
affording  indications  of  adulteration  or  otherwise.  Thus,  the 
following  valueR,  amongst  othei^,  have  been  ohtfiined  by  A.  H, 
Allen  ♦  and  O.  H.  Hui-st :—  t 


OIL 

Yftlenr*. 

Allen. 

EuxiL 

*c. 

'a 

•c. 

Olive  fgrecn),        .        .        * 
.,     (yellow), 

85 
111 

... 

I    28-7a 

Almond,        .... 

110 

... 

... 

Aracliis 

112 

87 

72.92 

Aiiricat  kernel,     . 

114 

f  11 

Neat 'a  foot,  .... 

•  >« 

102 

65^85 

Sesame,          .... 

107 

87 

»** 

!    Melon  Bee<b 

108 

Cotton  seed, 

110 

(M) 

53^63 

Kiger  peed,   .... 

... 

49 

Linseed,        ,         .         .         . 

... 

57-74 

36-41 

Cod  liver,      .... 

m 

79 

65 

Menhaden,    ,         .         .         , 

... 

64 

... 

Shark  liver, 

... 

105 

95 

Por[K)ise,       .... 

... 

40 

Sperm,           .         -         .         ♦ 

... 

98 

85 

Bottlenose,  ...» 

..■ 

102 

74-84 

Whale,          .... 

... 

38-86 

4871 

Palm,    ..... 

!23 

83 

U  WM  >i  13 

Laurelberry, 

26^27 

40 

... 

Nutmeg  butter,     . 

27 

m 

... 

Cokernut 

40 

75 

K(rttorMiil3 

Palm  kernel, 

48 

32 

... 

Basaia  fdt  (Illip**), 

1)4 -5 

f .. 

**• 

Cacao  liiitter, 

105 

«•* 

... 

Beef  tallow, 

95 

Pressed  tallow  (M.P.,  5514), 

114 

... 

Tallow  oil  (cold  presfleii), 

.... 

47 

Hog's  lari],    .         .         *         . 

... 

!W5'"» 

■•• 

I^MoiJ,       .... 

... 

6976 

Butter  fjit 

».. 

or.i     1 

... 

Oleomargarine^     . 

"• 

OU-5 

... 

The  practical  value  of  the  test,  as  shown  by  the  aljove  nuiubp] 
is  obviously  nut  very  greiit  ;  it  is  still  further  tliniinislied  by  tl 
*irrirmstajiL*e  that  eoni|mratively  Khght  diirerences  in  tln^  ^strength 
tif  tb<vt;la(  iid  Jicetic  acid  eonsiderably  inlluetu-e  ihe  temperature 
of  iuriddity,  an  idsn  doP8  the  presence  or  otherwise  td*  free  fatty 
licids  ;  after  an  extendeil  exaniination,  Allen  conclinles  that  the 
results   are    too    variable    and    iodehnitt:    to    Ik*   of   service 


*  Cf<immernai  Ovfinni^  Afiohjuix,  vol.  ii  ..  p.  26, 
iJtmmn  Sor.  i'hfm,  Imiustiy,  1887,  p.  22. 
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discriminating  the  quality  of  oils  ;  an  opinion  also  arrived  at  by 
G.  H.  Hurst,  by  Ell  wood,*  and  by  Thomson  and  Ballantyne,t 
the  latter  of  whom  obtained  the  following  numbers,  inter  aHa^ 
with  glacial  acids  of  different  strengths  : — 


1 

Peroentoge  ol 

Temperature  of  Turbidity  with  Glacial 

Free  Acid 

AceUc  Acid  of                       i 

Name  of  Oil. 

present 
(calcaUted  as 

Oleic  Add). 

Sp.gr.  1054-2 

Sp.gr.  1065-2. 

Sp.gr.  1056-2. 

•c. 

•c. 

•c. 

,  Olive  (Syrian), 

23-88 

42 

,., 

„     (Gioja),          .        . 

9-42 

65 

80 

91 

Same  sample  freed  from  \ 
free  acid,  .        .         .  j 

None. 

87 

... 

Arachis  oil  (commercial). 

6^ 

76 

96 

112 

„       (French            ) 
refined),        \ 

•62 

96 

114      1 

noi  conpictfij ' 
diiielrfil. 

Rape  oil,         .         .           -! 

4-54 
2-43 

105     \ 
110     / 

Rot  nnpleteif 
diuolrei 

»» 

Linseed  oU  (Baltic), 

3-74 

42 

59 

71 

„       (River  Plate), 

1-21 

50 

„       (East  India), 

•79 

57 

... 

In  some  few  cases,  however,  the  comparatively  solubility  in 
glacial  acetic  acid  may  afford  a  useful  indication — ^.//.,  in  de- 
tecting  the  presence  of  rape  seed  oil  in  linseed  oil,  and  more 
especially  of  hydrocarbons  in  animal  and  vegetable  saponifiable 
oils  ;  thu.s,  mineral  oils  are  but  sparingly  soluble  in  glacial  acotic 
;icid,  so  that  on  agitating  with  that  solvent  a  mixture  of  mineral 
oil  and  other  substances  freely  soluble  in  acetic  iicid,  the  latter 
are  dissolved,  leaving  the  former  undissolved ;  in  this  way  the 
presence  of  rosin  oil  is  easily  detected  in  paraffin  and  petroleum 
distillates. 
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It  most  unfortunately  happens  that  several  different  thermo- 
metric  scales  are  in  use  in  different  countries ;  of  these  the 
Celsius  or  CJentigrade  scale  is  by  far  the  most  convenient,  and 
is  accordingly  used  almost  exclusively  for  scientific  purposes. 
In  England,  however,  the  highly  inconvenient  Fahrenheit  scale 
is  still  largely  in  use  for  technical  and  general  purposes  ;  whilst 
in  some  parts  of  the  Continent  the  R^umur  scale  is  similarly 
employed.  The  following  formula  gives  the  means  of  translating 
the  temperature  expressed  on  any  one  of  these  systems  to  the 

*  Pharmnreutieal  Journal,  3,  xvii.,  p.  519^ 
iJourn.  Soc,  Chem.  Induttty,  1991,  x.,  p.  233. 
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corresponding  value  expressetl  on  either  of  the  others,  F  1 
the  value  on  the  Fahrenheit  scale,  C  that  on  the  Centigrade  i 
^nd  R  that  on  the  Reanmur  scale  :— 


9 


R 
4* 


This  formula  is  based  on  the  nyatem  of  cunsti'uctiun  of  th( 
three  scales  respectively  ;  the  distance  between  the  **  ice  melting 
point "  (aometinies  termed  the  *'  freezing  point '')  and  the  "  steam 
point"  (or  "lx>iling  piunt'*— under  normal  atmospheric  pressure) 
being  divided  into  ISO  degrees  on  the  Fahrenheit  scale,*  100 
the  Centigradp,  and  80  on  the  Keauinur  scale ;  so  that  the  re' 
tive  values  of  the  degree  in  eacli  sciile  respectively  are — j-J- 
WD"  "  ^Vj  or  J:  r  ^  : -|.  The  Reaamur  and  Centigratle  seal 
however,  l>egin  with  the  ice  melting  point  as  0,  so  that  the 
steam  pnnt  is  at  SO''  and  100^  on  the  twi>  scales  respectively  : 
whilst  the  Fahrenheit  zero  is  '^"S  F.  Vielow  the  ice  melting  priint  ;t 
whence  that  point  Ih  32^,  and  the  steam  point  32  -i-  liSO  =  21!!''^ 
on  the  Fahrenheit  scale. 

From  the  alxive  formula  are  derived  the  fallowing  equations 
whereby,  when  requisite,  a  Centigrade  temperature  may  be  trai 
lated  into  the  corresponding  Fahrenheit  value,  and  so  on  :- — 


I 


c 

.  32). 

F 

'>^ 

32. 

=  Jr  +  32. 

R 

-J- 

=  ^^• 

-  3^2). 

*  Tliis  parUcular  iiumher  is  said  to  have  beeQ  aelecfced  on  account  of  loo 
hazj''  idea  on  the  part  of  the  mv*entor  that  the  temperatureraoge  between 
freezing  and  boiling  of  water  had  aonie  connection  with  the  number  of 
degrees  in  a  aerai circle,  or  two  right  angles  ! 

f  PresumaV>ly  bccanae  M.  Fahrenheit  noticed  that  the  teinpf^ratarc  of  ft 
mixture  of  anow  and  salt  was  32  of  his  degrees  below  the  freexing  |)oiiit  of 
water,  and  conchided*  for  some  unknowu  reAduu^  that  tbi^i  mutit  be  the 
initial  temperature,  or  absolute  zero. 
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The  following  table  affords  a  yet  simpler  means  of  effecting 
the  translation : — 


_  _  . 

— 

— 





1 

3 

i 

«£ 

i 

i 

s 

«i 

s 

3 

§ 

1 

i 

4 

1 

1 

1 

1 

a 

Si 

1 

-   40 

-   32 

-  40 

+  7 

+  5-6 

+  44-6 

1 

+  54  1  +  43-2 

+  129-2 

-  39 

-  31-2 

-  38-2 

+  8 

+  6-4 

+  46-4 

+  55+44 

+  131 

-  38 

-  30-4 

-  36-4 

+  9 

+  7-2 

+  48-2 

+  50  +  44-8 

+  13-2-8 

-  37 

-  29-6 

-  34-6 

+  10 

+  8 

+  50 

+  57  +  45-6 

+  134-6 

-  36 

-  28-8 

-  32-8 

+  11 

+  8-8 

■»-  51-8 

+  58 

+  46-4 

+  136-4 

-  35 

-  28 

-  31  1 

+  12 

+  9-6 

+  63-6 

+  59 

+  47-2 

+  138-2 

-  34 

-  27-2 

-  29-2 

+  13 

+  10-4 

+  65-4 

+  60 

+  48 

+  140 

-  33 

-  26-4 

-27-4 

+  14 

+  11-2 

+  57-2  i 

+  61 

+  48-8 

+  141-8 

32 

-  25-6 

-  25-6 

+  15 

+  12 

+  59  i 

+  62 

+  49-6 

+  143-6 

-  31 

-  24-8 

-  23-8 

+  16 

+  12.-8 

+  60S 

+  63 

+  50-4 

+  145-4 

-  30 

-  24 

-  22 

+  17 

+  13  6 

+  620  1 

+  64 

+  51-2 

+  147-2 

-  29 

-  23-2 

-  20-2 

+  18 

+  14-4 

+  64-4; 

+  65 

+  52 

+  149 

-  28 

-  22-4 

-  18-4 

+  19 

+  15-2 

+  66-2 

+  66 

+  52-8 

+  150-8 

-  27 

-  21-6 

-  16-6 

+  20 

+  16 

+  68 

+  67 

+  53-6 

+  152-6 

-  26 

-  20-8 

-  14-8 

+  21 

+  16-8 

+  69-8 

+  68 

+  54-4 

+  154-4 

-  25 

-  20 

-  13 

+  22 

+  17-6 

+  71-6 

+  69 

+  55-2 

+  156-2 

-  24 

-  19-2 

-  11-2 

+  23 

+  18-4 

+  73-4 

+  70 

+  56 

+  158 

-  23 

-  18-4 

-  9-4 

+  24 

+  19-2 

+  75-2 

+  71 

+  56-8 

+  159-8 

-  22 

-  17-6 

-  7-6 

+  25 

+  20 

+  .77 

+  72 

+  57-6 

+  161-6 

-  21 

-  16-8 

-  6-8 

+  26 

+  20-8 

+  78-8 

+  73 

+  58-4 

+  163-4 

-  20 

-  16 

-  4 

+  27 

+  21-6 

+  80-6 

+  74 

+  59-2 

+  165-2 

-  19 

-  15-2 

-  2-2 

+  28 

+  22-4 

+  82-4 

+  75 

+  60 

+  167 

-  18 

-  14-4 

-  0-4 

+  29 

+  23-2 

+  84-2 

+  76 

+  60-8 

+  168-8 

-  17 

-  13-6 

+  1-4 

+  30 

+  24 

+  86 

+  77 

+  61-6 

+  170-6 

-  16 

-  12-8 

+  3-2 

+  31 

+  24-8 

+  87-8 

+  78 

+  62-4 

+  172-4 

-  15 

-  12 

+  6 

+  32 

+  25-6 

+  89-6 

+  79 

+  63-2 

+  174-2 

-  14 

-  11-2 

+  6-8 

+  33 

+  26-4 

+  91-4 

+  80 

+  64 

+  176 

-  13 

-  10  4 

+  8-6 

+  34 

+  27-2 

+  93-2 

+  81 

+  64-8 

+  177-8 

-  12 

-  9-6 

+  10-4 

+  35 

+  28 

+  95 

+  82 

+  65-6 

+  179-6 

-  11 

-  8-8 

+  12-2 

+  36 

+  2S-8 

+  96-8 

+  83 

+  66-4 

+  181-4 

-  10 

-  8 

+  14 

+  37 

+  29-6 

+  98-6 

+  84 

+  67-2 

+  183-2 

-  9 

-  7-2 

+  15-8 

+  38 

+  30  4 

+  100-4 

+  85 

+  68 

+  185 

-  8 

-  6-4 

+  17-6 

+  39 

+  31-2 

+  102-2 

+  86 

+  68-8 

+  186-8 

-  7 

-  6-6 

+  19-4 

+  40 

+  32 

+  104 

+  87 

+  69-6 

+  188-6 

-  6 

-  4-8 

+  21-2 

+  41 

+  32-8 

+  105-8 

+  88 

+  70-4 

+  190-4 

-  5 

-  4 

+  23 

+  42 

+  33-6 

+  107-6 

+  89 

+  71-2 

+  192-2 

-  -* 

-  3-2 

+  24-8 

+  43 

+  34-4 

+  109-4 

+  90 

+  72 

+  194 

-  3 

-  2-4 

+  26-6 

+  44 

+  35-2 

+  111-2 

+  91 

+  72-8 

+  195-8 

-  2 

-  1-6 

+  28-4 

+  45 

+  36 

+  113 

+  92 

+  73-6 

+  197-6 

-  1 

-  0-8 

+  3012 

+  46 

+  36-8 

+  114-8 

+  93 

+  74-4 

+  199-4 

0 

0 

+  32 

+  47 

+  37*6 

+  116-6 

+  94 

+  75-2 

+  201-2 

-f-  1 

+  0-8 

+  33-8 

+  48 

+  38-4 

+  118-4 

+  95 

+  76 

+  203 

-H  2 

+  1-6 

+  35-6 

+  49 

+  39-2 

+  120-2 

+  96 

+  76-8 

+  204-8 

+  3 

+  24 

-^  37-4 

+  50 

+  40 

+  122 

+  97 

+  77-6 

+  206-6 

+  4 

+  3-2 

+  39-2 

+  51 

+  40-8 

+  123-8 

+  98 

+  78-4 

+  208-4 

+  5 

+  4 

+  41 

+  62 

+  41-6 

+  125-6 

+  99 

+  79-2 

+  210-2 

+  6 

+  4-8 

+  42-8 

+  53 

+  42  4 

+  127-4 

+  100 

+  80 

+  212 

eo 
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In  the  following  pages,  whenever  a  temperature  is  eicpi 
a-s  a  numher  wit!i<>ut  tlje  scalH  used  being  mentioned,  it  is  al' 
to  \w.  understorKl  tliut  tb<^  C^nf if/raff*'  rainf  is  intended. 

Determination  of  Fusing  and  Solidiiying  Points. — Inas- 
in  null  us  nioHt  imtural  <>ils  and  fsits,  tt<\,  ;irf  nut  chemical  Iv  pure 
single   HulisttinceH,    hut   i;^'-riei'idly  cunsist  of  one   or  more    main 
ingreilieutH   with   smaller  quantities  of  other  allied  Ijodies,  w&  a 
gen  end  rule  no  nharply  defined  temjierature  exists  eharacterisl 
of  the  fusing  *>r  solidifying  point  nf  any  given  variety,,  althou. 
iji   many  eases  pnre  niiadn Iterated   specimens,   even    though 
widely   various  origin,  d*»   not  diB'er  largely  in   thef^e    resjiee 
For  the  same  refisoii^  the  point,  at  which  incipient  solidificati 
on  chill it)g  tirst  l)econH*s  manifest^  often  ditfers  eonsiclerably  from 
tFie  temperature  at  which  the  mass,  when  once  rendered  solid  by 
cold,  exhibits  incipient  fusion  on  graddfil   heating.     Further, 
^iveti  substance,  if  heated  consifleral)ly  aln^ve  its  melting  poi 
and  then  cooled  qiiickly  so  as  to  solitiify  it  again,  will  oft^n  roe] 
for  the  second   time  at  a  tenifverature  ntatciially  thfTerent  froi 
tliat  at  which  it  first  fused,  although  the  norrual  melting  point  is 
more  or  less  regaiuctl  on  standing  for  simie  tim«* ;  accordingly,  if 
the  fusing  poiut  of  a  solid  fat  that  bas  been  once  melted  is  to  be 
deteniiitieil,  a  nutheient  time  must  be  allowed  to  elapse  to  enable 
the  normal  physical  structure  to  be  re-fissumed.     In  practice, 
is  generally  necessary  first  to  melt  the  sulistiince  and  then  clarif! 
it  hy  subsitlence,  or,  better,  by  filtration   through  dry  pajier 
orfier  to  retirove  suspended  matters  and^  more  particularU%  water 
»0  that  the  imrified  materiab  after  cooling  and  solidification,  uiuat 
be  allowed   to  stand  some   lime  jat    least  an  hour  or  two,  bul 
preferably  a  much  longer  period,  say  till  the  next  day) 
further  examination* 

In   oitler  to  determine   the  fusing  point  of 
solidifieil  specimen,  sevenil  diifereut  methods 

fin  use,  the  results  of  which  are  not  always  con 
pai-able  with  one  another;  so  tluit,  if  an  lucural 
comparison  of  two  substani^\s  is  requisite,  it 
indispensable  that  hitth  ritual  hr  fvamiiffAl  by 
itffme  /ft'ttr^'MS^  iti*fe  hj/  ftifff.     One  of  the  most  fri 
(piently    used    methods  ctmsists   in    preparing  a 

capillary  tuhf^  by  drawing  out  in  a  flame  a  slnjrt 

piece  of  fpiill   tubing  (Fi-;*.  2);  the    line    end  ifl^H 
sealed   up,   and    when   lih*!,   the  solid  to  }yv  ex-^^H 
amined  is  cut   into  xi'ty  fine  fmgmems  or  pul- 
veriseil,  and  a  little  dropped  in  ami  shaken  di>wn 
into  the  capillary  tube.     This  is  then  lK)iind  by 
Fig.  "2,  wire,  string,  or  an  inilia-niiilier  ring  to  the  stem 

of  a  thermometer  (Fig.  ;i)j  so  that  the  centre 
the  bulb  is  al>out  level  with  the  substance;  the  whole  in  thei 
placed  in  a  small  vessel  of  water  (or,  for  higher  temperature! 


o^ 

i 

IS 

if 

be 

i 
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tielted  paraMn  wax)  wJiidi  is  very  slowly  laispd  in  tpmperature, 
ither  by  means  of  a  .siimll  tkmw  unclerueuth  (Fij^,  4),  or,  pre- 
i.bly,  by  placin*^  it  iuHicJe  a  iiiudi  lar^^er  sinHlar  vessel;  a  hirj^e 


sk  witli  the 


It  oft' and  i 


iiall  Ueaker 


^^ell  (Fi 


finswer  ^ 
).     Oiberg  employs    for  thi?^  purpMise  the  eirtulatory   arrarige- 
lent  shown  in   Fig,  6  ;  this  h  tilled  with  water  or  oil,  the  heat 
ing  upplied  at  the  ha.se  of  A. 

If  circumstances  permit,  two  sui'h  eapillary  tubes  (or  inore) 
shouhl    l»e   provided,   one    l>eiti^   used    tu  obtain  u    hr8t    rough 


approximation  to  the  meltin;^'  (mmiiI,  and  thn  otliers  used  suh- 
»e-juently  to  obtain  a  nearer  result,  the  Iwith  liein^^  previously 
slightly  cooled  l>elow  tlie  first  approximate  value,  and  then  very 
Blowly  heated  a«j^ain,  so  that  several  ndnutes  are  retjuisite  to 
prrKluee  a  rise  in  temperature  of  -*"  or  3'^  C  The  thermometer 
tnd  attached  tnl:)e  are  used  as  a  stirrer  during  thiis  heating,  and 

lie  temf>erature  injted  when  the  fi-agnientM  first  show  signs  of 
aielting.       Frequently     this    temperature     {^tofteuimj    jHfinf)    is 

aea^urahly  l>elow  thut  reijuiHite  to  cause  the  fragments  to  liquefy 
entirely,  and  run  down  to  the  Uittom  of  the  capillary  tube  as  a 
plear  fluid  {f^mjN*raturti  o/ rom^>ietf  Jimon). 
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Tnstf*arl  of  a  mpillary  tube  seulefj  up  at  the  end,  on^  1>ont  into 
a  U  or  V  sliape  may  he  emplnyetl,  the  solid  particles  bein^' 
sihakfTi  down  to  t lie  bend  or  angle.  I?en«eniann  *  modifies  tk 
tnlie  by  dmwiiig  it  out  an  represented  in  Fig.  7.     A  drop  or  two 


Fi^^,  5,  Fig.  C. 

*»f  melted  substance  is  introduced  into  the  Inilbed  portion  of  the 
tut*c.  A,  ami  fuseti  its  indicated  by  a.  After  standing  for  a 
Huflieient  time,  the  tulje  is  pla<*ed  in  water,  tlie  temperature  of 
uliicli  is  very  nlowly  raised  ;  the  temperature  of  incipient  lique- 
fiictton  is  readily  observed  when  the  material  feoftens  and  l>egins 
to  run  ;  at  a  Httle  higher  temperature  it  all  runs  down  as 
intlicated  by  h  ;  when  the  turbid  liquid  becomes  completely  clear, 
the  temperature  of  eouiplete  fusion  is  attained* 

Arujther  method  of  operatinj[f  consists  in  drawing  out  the 
capillary  tulie  as  bef*u'e,  but  wMo^ft  .sealing  up  the  narrow  ends 
this  end  is  thtni  dipi>ed  into  the  molten  substa^nce  to 
examined  and  withfb-awn,  so  that  half  an  inch  or  so  of 
eajiillary  tulie  is  tilled  up  with  the  material.  After  Jitanrbng 
leant  an  lunir,  but  preferably  till  next  day,  the  capillary  tube  i 
atttiched  to  the  thermometer  and  placed  in  the  l>ath  as  liefor 
when  tlie  temperature  rises  to  the  suftening  point  ao  as  to  produd 
incipient  fusion,  the  plug  of  solid  matter  in  the  capillary  tul 
becomes  softened  where  it  touches  the  gla^ss,  and  is  consequently 

*  Joui-n,  Soc.  Chtm.  Industry,  lSSr>,  iv.,  p.  53f»  \  from  Rtp.  Anal.  Chxn 
II,  p.  I(i5. 
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orct*f}  upwards  by  the  hydrostatic  pressure  of  the  fluid  in  the 

ith ;  ^hen  this  occurs  the  temperature  is  noted.     The  former 

OS  a  rule,  is  to  be  preferred,  not  only  l?ec4iuse  it  gives 

,  the  softeuing  point  and  the  temperature  of  complete  lique- 

,  but  iUso,  because  by  withdrawing^  the  source  of  heat  and 

nag  the  completely  fluid  mass  to  cool  slowly,  the  temperature 

Kt  which  re-soiidificntion  occurs  can  be  more  or  less  accurately 

lined.      With  some  kinds  of  mbced  substances,  the  sealed- 

fcpillary  tube  process  enables  three  diilerent  temperatures  to 

■oertained,  viz.  i — First,  the  temperature  of  incipient  fusion 

irliie  roost  fusible  constituent  commences  to  melt;  second,  a 

Dpemture  when  this  constituent  has  become  so  far  melted  that 


1 


m  ft 

Fig.  7.  F'ig.  8- 

BSf  solid  fragments  run  down  visibly;  and  t!nrd,  a  still  higher 
f*fH|^»^nit«ro  wht^n  the  it  hair  vman  hfrontrn  ffrar  *fnd  lintplfl^ 
that  the  whole  of  the  less  fusil>le  constituents  have  also 
completely  melted.  With  certain  mixtures  uf  free  fatty 
L'ld*,  a:c»  the  ditierence  between  the  lowest  and  highest  fusion 
pmperatures  thus  determined  may  amount  to  upwards  of  5"  C. 

A  convenient  metbo<l  of  dfterndnini^  the  softening  |mint  in 
ertain  cases  consists  in  dipping  the  bulb  of  the  thermometer  into 
be  melted  material   to  be  examined,  and  causing  a  small  light 
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^liwH  }ni!li  or  float  to  aciliere  to  the  thermometer,  cemented 
th*'Tt'kj  hy  tlie  substance  qa  it  soliilifies.  After  waiting  a  suHicdenl 
tiijit*  t(»  iMuiblf  i}w  iniLSH  to  jttt^iii  jtH  normal  physical  structure, 
th«  tliernioni<"h*r  iind  bull)  fire  placed  in  a  Ijatli,  which  h 
;(nwlujilly  lieattnl  ;  when  the  t*^iiiperature  attains  the  softeniii>t 
jioiiiL,  ih**  float  ItecDUieH  ciebidietl  and  rises  up  in  the  flaid. 
InntiAad  of  a  lloat,  a  thick  eoatin;,'  of  the  substance  itself  maybe 
appliiid  t<»  the  therrnt>nieter  l>y  dippin|(  tlie  latter  in  the  just- 
moll43d  Hwb^tance  fur  an  instant,  taking  out  again  until  the 
aclhc^rent  (ibn  has  Hoiiditied^  and  refH^ating  the  operation  twoor^_ 
ihrtHi  times  so  as  finally  to  ubtuin  a  suiiicieutly  thick  coating. ^| 
Fig*  8  represents  Pohl's  form  of  Wth  fur  the  purpose,  consisting ^^ 
of  a  wide  test  tube,  C,  thnnij^h  the  cork  in  the  month  of  which 
passtVH  the  tliermfuneter,  T,  the  heat  being  applied  by  means  of  a 
Huuill  ihimv  impin^^'itig  4Jtj  a  Hat  metal  disc,  sitpiM>rted  a  httl** 
disUiiuH?  l>t*l(»w  fho  test-tube,  so  as  to  fiirriish  an  tiscending 
current  uf  warm  air.  Obviously  a  vessel  of  warm  water  may  l»c 
Hubstituted  fur  the  disc  and  Hame,  A  mrKliticatiun  of  this  plan 
luLH   been  suggested  l>y  I^Iessrs,  Cross  and  Be  van,*  where  a  thin 

piece   of  sheet  ircm   (ferrotype 


I 


plate)    is    cut    into    the    shap^ 
shuwn  in  Fig.  9,  about  }  inch 
lung  and  JJ   or  h    inch  across; 
at  A  the  plate  is  hammered  so 
as  to  fi>rm  a  minute  saucer  or 
depres.siun,  and  at  B  a  hole  i^ 
cut  of  such  size  as  to  allow  thc_— 
plate  tu  fit  on  to  the  bulb  (coni-™ 
eal)    of  a    thermometer-.     The^ 
rioat  is  uifide  by  blowing  a  bulb 
an   the   end  ufathin  piece  of 
tubin*:^  and  !ixing  a  bit  of  pla- 
tinum wire  therein,  bent  into 
an  L  shape.      A  drop  of  melt«d 


Fi^\  iK 


sulistanct?  is  put  in  the  saucer, 
and  the  end  of  the  wire  dipped 
therein,    the    stem    being  su 
p»rtet^l   in    a    vertical    positii 
until    the   substa^nce   solidiiii 
and    so  hulds   it   firmly.     Tba 
thermometer     and     float     are 


3ed 


plitoed  in  a  hath  of  water,  il'c.  (preferably  mercury),  aiid  when 
the  tomi>enitun«  rises  to  the  softening  point,  the  float  becomes 
Uetachcii  antl  rises  to  the  surface. 

In  many  cases   the  iemj^>erature«  of  incipient  fusion  and  of 

complete  lif^uofactitm  may  he  easily  deteniainecl  by  placing  small 

fra^ients  or  pinches  of  powder  uf  the  sul>stance  examined  an  the 

•  J^mrmmt  iff  ike  Okemtmi  Socki^,  xcL  th.  {iBSSh  P'  HI. 


FUSING  AND   SOLIDIFYING    POiyTS. 


65 


'face  of  a  bowl  of  perfectly  clean  mcircury,  the  temperature  of 
iich  ifl  ifnidually  raised,  a  thermometer  beirig  pkcerl  therein. 
When  complete  fusion  is  effected,  the  substance  becomes  a  niinuto 
drop  <»f  clear  fluid,  which  usually  aprearh  out  ftlni-wise  uver  the 
surface  of  the  mercury.  A  n  ingenious  mndiii^ation  of  this  method 
has  been  proposed  by  J.  Ln?  we,*  where  the  substance  is  first  applied 
to  the  end  of  a  platinum  wire  (by  dipping  into  the  just-fused 
subst-ance),  «o  as  to  cover  it  completely  ;  the  coated  wire  is  then 
supported  by  means  of  an  insulating  holder  of  glass,  just  below 
the  f?urfiice  of  the  mercury,  and  coaneeted  with  one  pole  of  a 
small  galvanic  cell,  whilst  the  mercury  is  connected  with  the 
other  pole.  As  long  as  the  substance  is  unmelted  no  contact 
tAkes  phice  between  the  platinum  wire  and  mercury ;  but  as  soon 
fusion  takes  place  contact  is  hr*:mght  about,  and  an  electric 
eluded  in  thn  i^ircnit  is  made  to  ring.     Fig,  10  represents 


Fig.  10, 

general  arrangement  employed,  the  niereury  being  placed  in 

fipsule  heated  over  a  sm:dl  water  Inith,  auil  the  temperature 

?rt^ined  Ijy  means  of  a  therinumeter  plunged  therein.     Insteml 

fa  platinum  wire  coated  with  the  .substance  examined,  Christ*> 

linost  employe  ad rawn-(mt  capillary  tube  into  which  the  melted 

'  stance  is  sucketi  or  poured^  a  phitinum  wire  l>eiiig  imliedded 

ithe  material.     After  sulidifying  aiiil  standing  sutiicieiitly  long 

attain   the  normal  texture  of  tlie  substance  examined,    the 

aillary  tube  is  heated  in  a  mercury  bith,  electrical  connections 

Eng  applied  to  the  bath  and  platinum  wire,  so  that  when  the 

'►stance  fuses   contact  is  made  and   a  bell    rung.      A.  siudlar 

*enient  is  in  use  in  tlie  Paris  Municipal   Laboratory,  the 

[ic^e  tested  being  placed  in  the  beui]  of  a  U-shaped  tube 

>]}liitinuni  wire  in  e;ich  limb,  together  witli  some  mercury, 

lueli  runs  down  and  makes  contj,ct  when  fusion  occurs. 

Dingier  M  PidyUchinaches  Janrnalf  201,  p.  2j0. 
'Jaamal  Sor,   Chem.  Indmiry,   1890,   p.    m\;    from  BvrkhU  d.  DeuL 
G*'4,,  IS90.  p,  1003. 
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If  the  fusing  point  of  a  fluid  oil  that  has  l:)een  solidifi 
chilling  is  to  be  determined,  the  biith  used  niiist  be  itself  i 
down  below  the  fusing  point,  and  gradually  allowed  to  rise  in 
temperature.  Strong  brine,  glycerol  diluted  with  a  little  water^ 
or  calcium  chloride  solution  may  be  conveniently  used  for  tem- 
peratures l>elow  0".  When  the  solidiiication  point  of  a  fluid  <  " 
or  melted  fat  is  to  bo  determined,  a  rough  approxiraation  m^ 
t^fteii  be  obtained  lij  placing  some  in  a  small  narrow  test^ub 
or  dipping  into  the  fluid  a  Kmp  of  platinum  wire  ao  as  to  cause  a 
small  drop  to  fidhercj  and  immersing  in  a  hath  of  water,  brine, 
♦fee,  which  is  being  cooled  down  by  an  external  application  «f 
broken  ice  or  snow  and  salt,  &c,^  noting  the  temperatures  wh  ~ 
transparency  hrst  ceases,  and  when  vdaible  solidification  of 
whnlc  mass  has  ensued.  In  most  cases,  however^  the  temperotur 
thus  ascertained  are  too  low,  because  superfusion  is  extreme 
apt  to  occur  with  oils  and  fats.  If,  however,  a  moderately  large 
quantity  of  substance  be  used  (15  to  20  grammes  at  least), 
it  firequently  occurs  that  as  soon  as  solidification  begins  a  more 
or  less  considerable  rise  in  temperature  of  the  mass  takes  place, 
just  as  when  water  cooled  down  below  0*  in  a  dustless  still 
atmosphere  rises  to  0*  whenever  freezing  actually  comme^ices ;  or 
just  as  the  temperature  of  a  supersaturated  solution  of  Glauber's 
salt  (sodium  sulphate)  rises  w^hen  the  fluid  sets  t^^  a  cryntalhne 
mass.  The  higher  temperature  thus  indicated  is  permanent  for 
a  time  as  Holidification  goes  on,  and  is  usually  much  more  nearly 
exact  than  the  lower  ono  attained  liefore  solidiiication  oicj- 
menced;  but  even  this  higher  one  is  often  several  de-grees  below 
the  temperature  of  incipient  fusion  (and  tt  ford  or  i  l>elow  that  nf 
complete  fusion)  indicated  when  the  mass  has  been  solidifieti 
completely,  allowed  to  Htan<l  some  time,  and  then  re  inelte<I  in 
a  sealed -up  capillary  tube, 

Difierences  uf  this  description  are  more  usually  observed  when 
the  substances  in  question  are  mixtures  of  different  c<:>nstitueiit« 
melting  at  diflerent  temperatures  ;  on  the  other  band,  a  sinjijle 
subatiince  in  a  st^te  of  moderate  purity  (e.^*,  a  well  puriticd 
sample  of  a  given  fatty  acid,  such  as  stearic  acid)  usually  shows 
but  little  difference  between  the  temperatui*es  of  incipient  fusion 
and  of  complete  fusion  in  a  closed  capOlary  tube,  and  tho&s 
wdiere  the  limpid  fused  mass  first  shows  signs  of  turbidity,  and 
where  visible  complete  solidification  occurs,  on  slightly  cooling 
the  melted  substance. 

With  some  kinds  of  oils,  time  is  an  important  factor  in  the 
determination  of  the  temperature  at  which  solidification  UikfS 
place  on  chilling,  inasmuch  as  frequently  nu  solidification  at  all 
is  visible  un  cm^ling  for  a  short  time  to  a  given  temperaturo 
(i*,^,,  —  15*  C),  whereas  more  ur  less  complete  solidification  tako^ 
place  on  keeping  for  several  hours  at  a  tempeniture  not  so  hg^ 
by  several  degrees  {^,ff,,  —  5"*)*     In  most  cases,  if  a  ~ 
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oil,  previously  solidified  by  chilling,  be  dropped  into  a  specimen 
of  cooled  oil,  solidification  is  brought  about  much  sooner,  the 
particle  introduced  acting  as  a  '^  nucleus  "  and  facilitating  crystal- 
lisation in  the  well-known  way  observed  with  other  bodies  (e.g., 
supersaturated  solution  of  sodium  sulphate ;  superfused  metals  ; 
glycerol ;  monohydrated  sulphuric  acid ;  water  chilled  down 
whilst  at  rest  below  0®,  <kc.).  For  determinations  of  this  kind, 
baths  of  fairly  constant  low  temperatures,  capable  of  being  main- 
tained for  considerable  periods,  are  requisite ;  Hoflfmeister  uses 
for  this  purpose  various  saline  solutions  cooled  externally  by  a 
freezing  mixture  ;  by  suitably  choosing  the  saline  substance  and 
the  strength  of  its  solution,  baths  of  constant  temperature  are 
obtainable  so  long  as  any  liquid  remains  unsolidified  or  any  solid 
unmelted.  Thus  the  following  temperatures  correspond  with 
solutions  of  the  respective  strengths : — 


Temperature 

1                                              Solution. 

1 

Degrees  C. 
0 

-  2S5  to  -    30 

-  5-0 

-  8-7    to  -    90 

-  15-4    to  -  15  0 

1 

Distilled  Water. 

I     Potasaium  nitrate,    .     13  parts  per  100  of  water. 

\  Potassium  nitrate,    .13          .,              „ 

1  Sodium  chloride,      .      3*3       „              ,, 

'     Barium  chloride,      .35*8       „              „ 

Ammonium  chloride,    25         „              ,, 

Chilling  baths  of  this  description  are  more  especially  of  use  in 
the  examination  of  lubricating  oils  with  respect  to  their  congeal- 
ing temperatures. 

The  following  table,  mostly  derived  from  Schadler's  Technologie 
*ff^  Fetle  und  OeJe,  exhibits  the  average  melting  and  solidifying 
jKiints  of  many  of  the  more  commonly  occurring  fats  and  oils  : — 

Freezin(j  and  Melting  Points  op  Oils,  &c. 


NAm«. 


Arachis  oil, 

Almond  oil, 

Baasia  fat  (Galam  butter), 

Beechnut  oil, 

Ben  oil, 

Belladonna  seed  oil,    .... 

Baiter, 

Bone  grease, | 

Cacao  butter, { 

Castor  oil, 

Cokemut  oil, i 

Col2aoU,     .  .  .' 

Cotton  seed  oil, i 

CrcM  seed  oil, 


Melting  Point 

after 
Solidification. 


Solidifying  Point 

when  ('ooled 

(after  Fusion,  if 

Solid). 


Degrees. 


28  to  29 


29  to  .^'5 
44  to  45 
33  to  34 

24*5 


I 


Degrees. 
-     .'}  to  -  4 

-  20 
21  to  22 

16-5to-17-5 
About  0 

-  16 
20  to  30 

35 
20-5 
-  18 
20  to  20-5 

-  0 

-  2 

-  15 


^^^^H^                                                                    ^^^1 

FitlixiNti  AJ4D  Milting  Poikts  of  OilSi  kc—Vonilnrnd,     ,     \ 

I 

K&Die. 

SollcUflmUoiJ, 

SuItdif3fiDg  Point 
when  C*>ole.i     ' 
(After  T^km,  \t 
SoUd). 

1 

Degrees. 

Degi^s, 

i*mtou  oil,            ,         ,         .          .         . 

.-» 

-  16 

Goa  butter  (Briudonia  indicA),    . 

40 

32 

Goose  grease 

26 

13 

Grape  teed  oil,    .... 

... 

-  16 

Goiirti  seetl  oilj   ,         .         ,         . 

.*• 

-  15 

Ha/^lniit  oil,       .         ,        ,         , 

■*• 

-  i7ti>  -la 

Hemp  seed  oil,    .... 

... 

-  27 to  -t25 

Japanese  wax,     ,          ,         ,          » 

53  to  54 

40to41 

Laurel  berry  litt, 

3«            1 

30 

Linseed  oil,          .... 

... 

-  19 

Madia  oil,             .         .         ,         . 

«.. 

^  15 

Nut  oil,       ,..,,. 

»«. 

-  28 

Nutiueg  butter,  .... 

43  5  to  44 

33 

Oleic  aei«] 

... 

-6 

Olive  oil 

♦  .. 

2to4 

Popjiy  oil, 

Palm  oil,     ..... 

... 

-  16  to  -  18 

30to41 

21  to  37 

Pine  oil 

-  IS* 

Rape  seed  oil  ( Brass ica  napus  olcifcra 
Radish  seed  oil,  .... 

). 

... 

-    3 

... 

-    4 

Scsanit^  oil. 

... 

-    5 

y 

Spiuiiel  oil  (Euoiiymua  curopieua), 
Sunflower  aeed  oil,      . 

... 

-  10 

■ 

... 

-16 

^ 

Tallow 

4C  to  50 

36  to  40 

Tobacco  oil,         .... 

-25 

Train  oil,     ..... 

Oto  -2 

Virola  fat  (Virola  Bebifera)» 

45 

40 

Wax,  .         , 

62  to  04 

About  60 

Whale  oil, 

j 

<l  to  -  2 

WeldoU, 

1 

Below  -  15 

■ 

1 

1 

1 

Melts  at 

BecomftA 
Turbid   at 

'   Tempemturt 

tSmi^s  iluring; 

SoJJdiilcaUonW 

1 

Deirrfe) 

1. 

iDolflTCS. 

iMfneff. 

Sbcep's  tallow  (fresh),  . 

47 

36 

40  to  41 

^H 

(old),     .         . 

50  5 

30  5 

44  to  45 

^m 

Ox  talloxv  (frcj^h). 

43 

33 

36  to  37 

^1 

(old),     .         .         . 

42,3 

34 

38         jH 

^ 

Hog's  Itti-d,   .... 

41  5  to  42 

30 

32 

■ 

^^^^^^1 

L  Butter  (frc«h),      . 

31  to31  i> 

19  to  20 

19  5to20'§. 

■ 

^^^^^^M 

■  Cttcao  ImtttT, 

34to3;V5 

eo'-i 

27  to  25>*5| 

■ 

^^^^^^ 

Coker  butter. 

24  5 

20  to  20-5 

22  to  23    1 

■ 

H^ 

Palm  butter  (frcali),      . 

30  to  as 

21  to  24 

21 '5  to  35 

■ 

H 

{Mh 

42 

38 

39-5        ^ 

^ 

H 

Nutmeg  buttpr,     , 

43  a  to  44 

33 

41  5  to  42 

H 

Beeawax,       .         .         ,         , 

62  to  62-5 

... 

... 

1 

Spermaceti,  .... 

44  to  44  5 

... 

t.. 

1 

k 

k              d 
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\ 

UHtaat 

80««.-.» 

Yellow  wax,         •        .        .        . 
White  wax,          .... 
Sptnmueti,           .... 

JapuMMt  wax 

Cacao  btiit«r,        .... 
Natmeg  btitter,    .... 
Sheep's  tallow,     .... 
Ox  tallow,    ..... 

mi 

61-8 

43r»to44  3 
6(1*4  til  .^»t 

70  to  80 
46  5  to  47  4 

43-5  to  45  0 

Degrt^n. 
Cr5to62G 
61*6             1 

4JAtQ4V2 

3*2  'i^  m 

21  to  Xj 

The  foregoing  fusing  and  aoHdifying  points  of  various  solid 
^ts  are  given  by  Wimmel  and  Riidorff  respectively, 
w    The  fusion  point  of  n  pure  glyceridu^  or  mixture  of  glyce rides, 
^P  often  niJiterially  altered  if,  an  is  often  the  case,  any  considerable 
T^inount  of  hydrolysis  has  taken  place,  either  through  develop- 
ment of  **  rancidity*'  through  fermentative  changes  taking  place 
on   account   of    the    presence   of    riuicilaginous   or   albuminous 
matters,  or  by  the  agency  of  acids  during  refining^  or  ulherwise. 
Hence,  the  numbers  obtaim^d  with  various  samples  of  otherwise 
pure  oils  (i.^,,  unadulterated  with  cheaper  tnics)  are  apt  to  vary. 
More    nearly  concordant  figures  are  obtained   if  the  whole  of 
the  glyceride  is  saponified  by  means  of  alkalies  (^.;/*,  alcohoHc 
Btotosh),  and  the  fatty  acids  separatf*d  from  the  resuUing  soap 
^w  evaporating  off  alcohol,  dissolving  the  residue  in  hot  water, 
■eidulattng  with  a  mineral  acid  in  excess,  thoroughly  agitating 
Kll  ail  tJie  «oap  in  decntnposed,  and  fimtlly  allowing  to  cool,  and 
removing  the  cake  of  solidified  fatty  acids  that  separates  and 
US  on  standing. 
By  determining  the  fusio;]^  point  of  the  fatty  acid  cake  thus 
iuce<)  side  by  side  with  that  similarly  prepared  from  a  s^ample 
oil  of  known  purity,  or  from  a  mixture  oi  knuwti  character, 
eful  indications  as  to  purity  or  otherwise  are  <>ften  attainable ; 
example,  the  fatty  acids  from  genuine  olive  oil   usually  fuse 
from  22*  t^j  26*^  C,  and  those  from  refined  eritton  seed  oil  at 
y  to  40*,  so  that  any  consideraVile  admixture  of  ct»tton  seed  oil 
hth  olive  oil  will  usually  result  in  yielding  a  cake  of  notably 
used  fusing  point.     The  amuunt  of  rise,  however,  tloes  not  give 
llT  very  clear  in<hcation  of  the  amount  of  admixture,  because,  as 
[general  rule,  mixtures  of  ditierent  substances  fuse  at  a  tempera- 
ture lower  than  that  calculable  arithmetically  from  the  relative 
Dounts  and  fusing  p<iints  of  the  ingredients  {vifie  p,  73). 
The  following  taVile  represent-s    the   melting   and    solidifying 
Dints  of  the  mixed  fatty  acids  obta^iiied  from  various  oils  and 
,  an  given  by  Schadler ; — 


TMSA,   WAXWBt^ 


1 

SMUlltii^MA 

PifWi C 

DegR«*C         , 

lES."-*^  : 

4:5 

14 

0 
5 

ATMi^i^           ,           •           .           . 

3Sui» 

21>to30 

0V^W« 

37 

33 

GMMlMticr, 

49-5 

46*5  to  47 

Cbitoi; 

13 

3 

ChukKk,      . 

ntoio 

13 

1              57 

52 

GoltOttMd, 

37  to3S 

325 

CoksMl,     . 

-^M  to  23 

ao  to  20*5 

CoiaD^  .      .      . 

90  to  21 

14  to  14-5 

GftlMBlMiter^          .           . 

355 

30 

Hemp,  .... 

19 

15 

Lwd,     .        .        .        . 

.^to3» 

^ 

lineed. 

17 

135 

XAUcnatiiu  (Gundaelul 

U 

11  to  12 

*•. 

MaUlttr  tftllo V,     . 

56-5 

54-8 

lUipidiie.    .        . 

41 

394 

Kiit(wilnot\       ' 

42b 

40 

30 

16               1 

OliTe,    , 

aa-stoss 

21 -5  to  22        ' 

Poppy. 

305 

16-5 

Palni,    .         .         . 

45  to  46 

42tr>43 

Rape,    .... 

21 

16 

Siiel(OxK     • 

455 

43 

Smami, 

35to3<£ 

31*5  to  32 

SpenoMtl.  .        .        . 

13^ 

-»* 

Snniloww,     . 

23 

17 

*rjfcwi.ma}m»     . 

36*5 

31 

Tmlliwr  (Sheep),     . 

49 

40 

VngowAU,     . 

19 

10 

WoolgroBBe, 

41-8 

40 

Slightly  diflTerent  T&lues  have  been  given  by  other  observen, 
the  variations  arising  partly  from  differences  between  the  par* 
ticular  specimens  examined  and  partly  from  differences  in  the 
mode  of  observation.  Thus  the  figures  )^low  given  by  Hiibl 
are  respectively  the  temperatures  of  complete  liquefiiction  (as 
noticed  by  melting  in  a  narrow  test-tube,  stirring  with  a  ther- 
mometer, and  noting  the  temperature  when  turbidity  disap- 
peared), and  of  inciffifnt  solidification  (as  noticed  by  cooliog 
down  after  coraplet-e  melting,  and  noticing  when  cloudiness  com- 
menced) ;  whilst  those  of  l>ensemann  are  (A)  the  temperature  of 
«ioniplet«  lifjucf fiction,  when  all  turbidity  tlisappears,  as  deter- 
milled  in  the  above  described  fi>rni  of  capillary  tulje,  and  (B) 
thfj  Mnmewhat  lower  tem|ierature  when  the  substance  was  soflS- 
dently  liquefied  to  run  down  in  the  capillary  tube,  hut  w^as  noi 
thoroughly  fused  to  a  limpid  tluid  : — 
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Fosiiig  Poiat 

SolkUf jing  Point 

BUbL 

Allen. 

HUbL 

Baob. 

AUen. 

A                 K 

DepA. 

C. 

Degs.          Degs. 

Degs.  ■ 

DegB. 

Deg.. 

Dega 

Olive  oil,  .     .     . 

260 

26  to  27,  23  to  24 

260 

21-2 

22-0 

210 

Almond  oil,  .     . 

14-0 

1 

50 

... 

Arachis  oil,  .     . 

27-7 

34to35   31  to32 

29-5 

23-8 

31-0 

28  0 

Kape  oil,  .     .     . 

201 

21  to  22    18  to  19 

19*5! 

12-2 

15-0 

18-5 

Cotton  aeed  oil,. 

37  7 

42  to  43  139  to  40 

35  0; 

30-5 

35-0 

32-0 

SesamdoU,    .     . 

26  0 

29  to  30  I  25  to  26 

23-0 

22-3 

32-5 

18-5 

Linseed  oil,  .     . 

170 

240 

13-3 

*.• 

17-5 

Poppy  oil,     .     . 

20-5 

... 

16-5 

..• 

... 

Hemp  seed  oil,  . 

190 

... 

150 

... 

... 

Walnut  oil,  .     . 

200 

••• 

16-5 

... 

... 

Castor  oil,     .     . 

130 

... 

30 

20 

«.. 

Palm  oil,  .     .     . 

47-8 

500 

42-7 

... 

45-5 

Cokernnt  oil. 

24-6 

24-0 

204 

... 

20-5 

Japan  wax,  .     . 

56  0 

... 

••• 

53*0 

Myrtle  wax, .     . 

... 

47-5 

..• 

46-0 

Lanl,   .... 

... 

44-0 

42 

390 

Tallow,     .     .     . 

45  0 

...    1 

43  to  50 

44  to  49 

... 

Shea  batter, .     . 

39  5 

1 
...    1 

38  0 

... 

... 

The  following  tables  by  Heiiitz  *  represent  the  melting  points 
of  various  definite  mixtures  of  fatty  acids  : — 


Mixtures  of  Myristic  and  Lauric  Acids. 


Porcontage  of 

Melting  Point 

SoUdiflcation  Point 

MyrisUc  Acid.        ,        Laorio  Acid. 

Degree*  C. 

Degrees  C. 

1 

58-8 

... 

100                             0 

61-8 

47-3 

90         ;         10 

49-6 

44-5 

80                           20 

46-7 

390 

70                           30 

43*0 

39-0 

60                           40 

37-4 

35-7 

50                            50 

36-7 

33-5 

40                            60              1 

351 

32-3 

30                           70 

38-5 

330 

20             :             80 

41-3 

360 

10                           90 

43-G 

... 

0                         100 

♦  Poggendorf  Annalen,  92,  p.  588. 
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Mixtures  of  Palmitic  and  Myristic  Acids. 


Melting  Point. 

SolidifleaUon  Point 

Percentage  of 

P&lmiUc  Add. 

XyristioAeid. 

Degrees  C. 

Degrees  C. 

62-0 

••• 

lOO 

0 

611 

58^ 

95 

5 

601 

65-7 

90 

10 

58*0 

63-5 

80 

20 

64-9 

51-3 

70 

30 

61-6 

49-5 

60 

40 

47-8 

45-3 

60 

50 

47-0 

43-7 

40 

60 

46-6 

43-7 

35 

65 

46*2 

44-0 

32-5 

67-5 

46-2 

43-7 

30 

70 

49-5 

41-3 

20 

80 

51-8 

45-3 

10 

90 

63-8 

... 

0 

100 

Mixtures  op  Stearic  and  Palmitic  Acids. 


Percentage  of 

Melting  Point 

SolidifleaUon  Point. 

Stearic  Acid. 

Pahnitio  Acid. 

Degrees  C. 

Degrees  C 

69-2 

... 

100 

0 

67-2 

62  6 

90 

10 

65-3 

60-3 

SO 

20 

62-9 

59-3 

70 

30 

60-3 

56-5 

60 

40 

66-6 

55  0 

50 

50 

66-3 

54-5 

40 

60 

65-6 

54-3 

35 

65 

55-2 

64-0 

32-5 

67-5 

551 

54  0 

30 

70 

57-6 

53-8 

20 

80 

601 

54-5 

10 

90 

62  0 

... 

0 

100 
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Mixtures  of  Stearic  and  Myristic  Acids. 
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Percentage  of 

Meiang  Point 

1 

Stearic  Add.                  Myristic  Acid. 

69-2 

100 

0 

671 

90 

10 

65  0 

80 

20 

62-8 

70 

30 

59-8 

60 

40 

64-5 

50 

50 

60-4 

40 

60 

48-2 

30 

70 

47-8 

20 

80 

51-7 

10 

90 

53-8 

1 

0 

100               j 

Mixtures  of  Stearic  and  Lacric  Acids. 


Percentage  of 


Melting  Point 

Stearic  Acid. 

69-2 

• 

100 

67-0 

90 

64-7 

80 

620 

70 

590 

60 

55-8 

50 

50-8 

40 

434 

30 

38-5 

20 

41-5 

10 

43*6 

0 

Myristic  Acid. 

0 
10 
20 
30 
40 
50 
CO 
70 
80 
90 
100 


These  tables  amply  illustrate  the  peculiarity  a]x)ve  referred  to 
in  cases  where  mixtures  are  heated — viz.,  tliat  the  melting  point 
>f  the  mixture  is  almost  invariably  lower  than  that  calculated 
from  the  relative  proportions  and  fusing  points  of  the  ingredients, 
md  in  certain  cases  falls  below  the  melting  point  of  the  most 
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^tixxvmaM  ov  Pauuisc  asd  Lipkio  Acmk 


1 

iMtetfMia. 

VkMlirAfdi. 

LuHeAdd. 

esi> 

100 

0 

59« 

90 

10 

W4 

80 

20 

Mii 

70 

30 

51^ 

60 

40                ' 

4711 

50 

50 

401 

40 

60 

ais 

ao 

70 

37  1 

2D 

80 

41-5 

JO 

90 

43« 

0 

lOO 

I 


fusiblo  of  tlie  ingredients.  Thns,  in  the  case  of  a  mixture  of 
tnyristie  and  Ifturic  acids  containing  equal  quantities  (50  per 
cent.)  of  <^ach,  since  tho  ingredients  raelt  respectively  at  58' 8 
and  43* -6  C*  the  melting  point  of  the  mixture  would  a  priori  be 

expected  to  be — ^ — ^ —  =  5l*'2;  whereas  it  actually  is  37''l» 

i>r  1 3*^*8  lower  Umn  the  calculated  temperature,  and  6**2  low< 
than  tho  fusing  piint  of  the  most  fusible  ingredient. 

Dalican*s  Method. — The  following  table  by  Dalican  *  repi 

sents  the  Htilidifying  points  of  various  mixtures  of  pure  fr 
st-e^irie  txmX  oleic  acids,  analogrms  to  those  obtained  by  saponify 
ing  tallow  completely  and  separating  the  fatty  acids  from  tht^ 
soaps  formed  ;  these  were  deduced  by  determining  the  tempera- 
ture Ui  which  the  ihermometer  i-ose  when  some  20  grammes  of 
mixed  pure  fatty  acids  were  placed  in  a  test-tube  at  a  tempera- 
ture a  little  above  the  solidifying  pctint,  and  allowed  to  cool 
slowly  ;  when  incipient  solidifieati«»u  l>ecame  visible  the  contents 
of  the  tube  were  stirred  with  the  thermometer  immersed  therein, 
giving  a  rotary  movement  three  times  from  right  to  left,  and 
three  times  in  the  opposite  direction  ;  during  this  stirring  the 
tbermoDieter  usually  sliglitly  fell  just  at  first,  but  in  every  case 
rose  again  to  a  point  where  the  temperature  remained  stationary 
for  about  two  minutes,  the  disengagement  of  lat/ent  heat  during 
soliditication  b.ilancing  the  loss  t^f  lieat  by  radiation  and  convec* 
tion,  ttc.  The  temperatures  quoted  are  the  stationary  ones  thus 
observed  with  the  various  mixtures  examined.  The  joint  per- 
centages given  in  the  table  only  add  up  to  95,  the  average  yield 
of  total  fuLly  iicids  from  tallow  being  taken  as  95  per  cent,, 

•  Moniieur  Scient^fiqnt,  Faria,  1863. 
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allowing  for  small  qnantities  of  water  present  and  loss 
by  elimination  of  glycerol  {vide  Chap,  viii.) : — 
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of  weight 


;^«s5s:r:s««rieAcid. 


Oleic  Acfd. 


T^'inperatare 
CenUgrade. 


40 

3515 

59-85 

1 

45-5 

40-5       , 

3610 

58-90 

1        46 

41 

38  00 

57-00 

!        46-5 

41-5 

38-95 

56-05 

1        47 

42 

40-90 

54-10 

'        47-5 

42%> 

42-76 

5225 

i        4S 

4,3 

43-70 

51-30 

!        48-5 

43-5 

44-65 

50-35 

1        49 

44 

47-50 

47-50 

49-5 

44-5 

49-40 

45-60 

50 

45          1 

1 

51-30 

43-70 

StearloAoId. 

OtaieAeid. 

52-25 

4275 

53-20 

41-80 

55-10 

39-90 

57-95 

37  05 

58-90 

3610 

61-75 

33-25 

66-50 

28-50 

7J-25 

23-75 

72-20 

22-80 

75-05 

19-95 

The  method  of  manipulation  thus  employed  by  Dalican  is 
applicable  in  the  case  of  most  other  substances  the  solidifying 
point  of  which  is  required ;  but  the  amount  of  rise  indicated  by 
the  thermometer  above  the  temperature  of  incipient  solidification 
varies  considerably  in  different  cases,  a  constant  temperature  for 
two  minutes  or  more  not  being  always  attained.  Finkener*  finds 
that  more  concordant  valuations  are  obtainable  if  the  vessel 
containing  the  fused  fatty  matter  is  enclosed  in  an  envelope  of 
wadding,  or  jacketted  with  a  wooden  envelope,  so  as  to  diminish 
the  rate  of  cooling. 


Solidifying  Point 

of  Tftllow  Fatty 

Acidi. 

Percentage  of  *' 

Stearine  "  (Solid  Fatty  Acids)  of  Solidiflcation  Point 

j       DcgrccR  C. 

48  Degrees  C. 

1                                ! 
60  Degrees  C.    ,    52  Degrees  C.        C4  8  Degrees  C. 

10 

3-2 

2-7 

2-3 

21 

1            1^ 

7  5 

6-6 

5-7 

4-8 

i           20 

130 

11-4 

9-7 

8-2 

1           25 

19-2 

17-0 

148 

12-6 

30 

27-9 

23-2 

21-4 

18-3 

35 

39*5 

34-5 

30-2 

25-8 

40 

57-8 

49-0 

43-5 

37  0 

4- 

66-6 

57-6 

50-5 

42  9 

44 

77-0 

66-2 

58-4 

49-8 

1           46 

87-5 

75-8 

67-0 

56-8 

48 

1000 

87-2 

76  6 

65  0 

50 

1000 

87  0 

74-5 

52 

100-0 

84-8 

54 

••• 

... 

95-3 

54-8 

... 

1000 

•  Journal  Soc.  Chem,  Industry,  18S9,  p.  423,  and  1890,  p.  1071. 
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De  Sehepper  and  Geitel  ^ive  the  foregoing  talilc  representiiig 
the  amuiuit^  of  iiiixeil  solid  fatty  acids  of  diflferent  84>lidifiGat]OD 
points  |iraetically  ohtaiimJile  from  tallow,  when  these  acids  are 
separated  froni  oleic  acid  to  such  an  extent  as  to  possess  the 
8olidificati<»n  points  named. 

The  same  tuitlH*rs  give  the  folloi^Tng  anal«jgfins  table  for  tlie 
relative  ammints  of  mixed  solid  fatty  acids  practically  obtainable 
from  palm  oil : — 


S*>Hdlfylnff1>oltil 

or  l*alra  on  F^ttj 

Acidi, 

Percfi&tBcs  of  " 

Dep«esa 

isD^gMMa 

00  Degrees  C* 

52Defr««tC 

Ml  DegPftrt  C. 

10 

42 

3^ 

3-2                      26 

15 

102 

9-8 

7-8         ;             6*8 

20 

17-4 

15  0 

14  4                    IID 

25 

26*2 

22-4 

19  3         '           16^ 

30 

34-0 

305 

266         1          223 

3.1 

45^ 

408 

35-8                   20-8 

40 

63  <» 

55-2 

486                   40^ 

42 

705 

62-2 

55 '2                   45-5 

44 

711-2 

702 

62  0                   51-4 

46 

894 

78*8 

60^8 

57  8 

48 

100-0 

88  O 

78^6 

65-0 

50 

*>< 

1000 

89*6         \          73*4 

62 

,,. 

lOO'O                   82*8 

ri4 

«. 

1*2-2 

53*4 

— 

'•- 

100-0 

CHAPTER  V. 

SPECIFIC    GRAVITY    AND    VISCOSITY. 

SPECIFIC  GRAVITY  OF  OILS,  FATS,  Ac. 

iNAsrilurii  as  the  majority  of  natural  oil>;,  fats»  and  similar  sul^ 
8t;incc.s  are  mixtures  i»f  more  than  one  constituent,  the  relative 
prf»pt>rtionHj  and  even  the  nature  of  the  inf^'reilients  beinjj^  subject 
to  some  degree  of  variation,  it  ie«ults  that  the  general  physical 
eharactern  of  any  given  oil,  A'c,  are  liable  t<i  tliK'tuation  within 
certiiin  Hnntn,  Thifi  in  particularly  the  case  with  the  specific 
gravity  of  such  materials,  ciiflerences  in  the  climate  and  soil 
in  which  ,"eed-f (tearing  plants  are  grown,  in  the  degree  of  culti* 
vatitni  und     the    maturity  of    tlie    crop,   and    suc!i    like   causes 
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Hiten  pnxlucing  mea.sur^l>lt?  ditiereiict^s  in  tlie  relative  density  of 
■he  oil  extracted  ;  its  also,  to  some  extent,  doesi  the  metbnd 
bf  extraction  adivpted,  the  first  ruaiiin^s  obtained  by  pres- 
■fure  in  the  cold  bein^  often  perceptibly  lighter  bulk  for  Imlk 
Hian  those  obtained  later  liy  hot  pressure.  In  similar  fashion, 
BrariationH  in  the  particular  breed  of  animal  (f.'/.»  in  the  ease  of 
bxen  and  sheep),  the  part  of  the  brxly  from  wbicli  tlte  feit  is 
■iottmcted,  the  mode  of  feeding,  tkc,  often  correspond  with  ana- 

Io<*ous  fluctuations  in  the  case  of  animal  fats  j  adtied  to  which, 
•the  method  of  refinement  ado ji ted  and  the  degree  of  purification 

efleeted,  cause  variations  in  propivrtion  to  the  amount  of  residual 
^mucilaginous  or  albuminous  matters  left  unremoved  :  wliiLst  the 

age  of  the  sample  is  uften  a  material  point,  many  kinds  of  oil 

Kving   a   tendency    to   absorb   oxygen    from    the   air^   thereby 
coming  more  dense. 
Hotwithstanding  these  sources    of  variation^   however,    it  i.s 
ton  possibk^  it*  obtain  useful  information  as  to  the  freedom  or 
otherwise  of  oils,   Ara,    from  admixture   with  adulterating  sub* 
^^etaneeH  by  examining  tlieir  specitie  gravity;  or,  in  nj  any  cases, 
^Hpreferably,  the  specific  gravity  of  the  free  fatty  acids  obtainable 
^^%^im  them  by  sap  on  if!  eat  it  m.     Tfiis  determination  is  most  accur- 
ately effected  by  means    of   the  pf/knom^t^'r*    (specific   gravity 
^—ixjttle);  but  since,  excepting  in  comparatively  few  sj>ecial  cixses 
^■[e.^.,  butter  analysis),  a  very  high  degree  of  accuracy  is  unnecos- 
^^sary  on  account  of  tlie  possible  natural   tluctuatitms  in  density, 
simpler  instruments  are  in  most  cases  sulhcient  for  the  purpose 
in   view,  more  esfiecially  when  checked  or  *' calibrated/'  as  de- 
scribed   below.     Thus   for  most  fluid  oils  the  indications  of  a 
fairly  well   made   artrnmetrr  (hyilrometer),  used  at  a  standaitl 
temi^erature,  are  suthciently  accurate  ;  whilst  either  for  ordinary 
temperatures  or  for  more  elevated  ones,  the  hj/drmfnfir  httfttnce 
in  extremely  convenient.      In   using  thia    latter    instrument   at 
higher  temperatures  i**jj,^  near  that  of  boiling  water',  it  should 
not  Ije  forgotten  that  if  the  plummet  immi^rsed  in  the  liquid  to 
lie  examined  (as  shown  in   Figs.  11  and  lli)  be  nnide  of  glass,  it 
will  displace  more  tlian  02  ]ier  cent,  (€»r  upwards  of  2  jier  mille) 
mrire  fluid  at  near  the  boiling  point  of  water  than  at    1.')°  t  ;  so 
that  if  originally  constructefl  to  give  accurate  indications  at  15*, 
*ae  values  indicated  at  near  lOQ"  will  lie  more  than  2  per  mille 
high  on  account  c>f  the  greater  disphicement ;  whence,  in  the 

*  For  a  description  of  some  hi;|hly  accurate  foriiis  of  this  itiatmment  and 
bfir  uiuJe  of  use,  together  with  a  dboussion  of  the  unrrectiQna  intlispens- 
"ble   when   rcsulta  ari?  require*!  to  be  accurate  to  a  unit  in  the   fnurth 

cim»l  place  (±  0*0001),  ami  a  fortiori  to  one  in  tbe  fifth  place  (±  t)'CMX)Jl), 
y  liaper  by  the  author,  Journ,  Soc.  Ch^m.  Judmlnj^  189*2,  p.  297» 


t  The  cubical  coefficient  of  expand  Ian  of  glass  is  near  "000025  ^ 


4\},my\  * 


I  thut  a  rise  of  temperature  of  S5'  represents  an  iaurement  in  volu  ne  of 
■  =  2'125  per  mille. 


4 


M 


7« 


€ILB,    rAT8,   WAXEF,    ETC. 


case  of  fluid  oils,  the   specific  gravity  of  which  is  usually  froa^ 
•9  to  -95,   tht*  indications  at  near  100"  will  bo  clofe  to   001*  too) 
high-     Aiialogcufi  errors  of  excess  apply  (*>  all  glass  ar«*oiiieten 
and  pyknonietcrs  when  graduated  at  «'ije  temperature  and  u'? 
at  a  higher  one. 

Another  matter  to  be  rc-niembered  is  lluit  the  nurnerical  value' 
arrived  at  expresses  diflerent  things,  aecnrding  as  the  water  witL 
which    the  instruinent   is  graduated   is  at  one  temperature  cTj 
another ;    this  applies  equally  to    the    indications  of  the  pyk4^ 


Fig.  lb 

nonieter,  the  aneometer,  iind  the  hydrostatic   balance.      When 
tlie  indictttiona  rcpreKent  the  ratio  between  the  weight  of  a  given j 
volume  of  substance  and  that  of  Ihe  Jiame  weight  of  water,  hotf 
at  tilt  same  tfrnprrature  f^  the  value,  iij  the  .iperi/ic  tpyir^fy  at  t'  ^ 
tbuB  the  specific  gravity  at  100"  of  a  given  oil  or  melte<l  wax  ii 
the  weight  of  a  given  volume  of  substance  compared  with  that  ti 
the  same  weight  of  water  also  at  100°.     If,  however,  the  oil 
at  t^^  and  the  water  at   a  different  temperature,  T,  the  value  ii 
neither  the  Bpecific  gravity  at  /    nor  that  at  T.     If  T  =^  4*  C,  tl: 
value  is  the  weight  in  grammca  at  t°  (tf  \  ex,  of  oil,  since  at  4*  ' 
1  c.c.  of  water  w  eighs  1  gramme  ;  this  value  is  often  considerably! 
different  from  the  specific  gravity  of  the  oil  at  <",  the  more 
the  higher  the  value  of  t ;  thus  if  t  =  100°  C,  J?ince  1  c.c,  of  waterl 
at  lOC^  weighs  0-9580  gramme,  the  weight  of  1  c.c.  of  <»il  at  100*1 
will  be  only  0  95^6  times  the  specific  gravity  of  the  oil  at  100*;^ 
i.e.,  the  latter  value  is  more  than  4  per  cent*  in  excess  of  the 
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'  one.     Unfnrttinatelv,  most  ohsorvors  have  recorded  their 
Ite  in  neither  of  the.se  two  forms'  ^J^it  have  used  a  raoile  uf 
-where  T  is  not  4\  and  is  not  =  /.     The  result  thus 
eaqvessed   is   tlie  raloJive  tAn^Ut/  vf  ttnter  at  I  rf/frred  to  neater 

at  Ty  soxnetimes  expressed  aa  the  relative  density  at  ^-  ;  wlxeu 

T  =  15* '5  C,  a  temperature  frequently  chosen,  this  %-alue  repre- 
^ntd    1*0009  times  the   weight  of  1  gramme  nf  oil  at  t\  since 
ce^  of  water  at  15-5  weii^hs   9991  ^n^anime. 


1 


12. 

I*efebre*s    Oleometer. — Fig*   l**^  represents  Lefehre^s  ara?o- 

icier,  especiall}'  intended  for  oils   the  .speeiiic  gra\'ity  of  uhich 

15** *5  ranges  from  0*9  to  0'95  ;  the  instrniiH'nt  is  ho  graduated 

At  the  specific  gravity  is  directly  read  off  when  immersed  in  a 

nid  at  the  standard  temperature  of  U^^o  ;  at  variotin  points  the 

verage  specific  gravities  of  noruial  oils  of  flif^erent  kinds  are 

'ked  oA*  (linseed  oil,  olive  oil,  itc);  usually,  to  save  figures, 

the  second   and  third    tieeimal    places  are  given— /.^^,   35 

cates   '935^  8   represents    908,  an*l   so  on.     If  the   tempera* 

differ  slightly  from  the  normal  one  of  irr'5,  a  correction  is 

2 

ancle  by  abiding  (or  snbtracting)  _  x  -OOl  for  every  degree  of 

temperature  above  (or  lielow)  the  standard,  this  correction  being 
bnsed  on  the  ftict  that  most  oils  expand  on  heating  to  nearly  tho 
smme  extent,  so  that  the  specifie  gravity  becomes  lowered  by 
aboot  *000C8  per  r  C  (vtde  p.  93). 


CfLS.   FASS^ 


ra|iured  to  dele^ 
upecifa  gimirity  of  ah  oU, 

IW%  8om0 

igemeiit  mvAt 


tj  the  vessel 
tke  oil,  ^sCt  «ui  be 
It  —jntaincd  at  the  re- 
Ibraoinetline. 
1*"^  15  tllwstntes  a  iarm  of  hot 
vatcftatli  tlkBS  used  for  a  West- 
|iIh1  hjdxm$mtic  baiance. 

Wkea  ii ■HM ■■Inn  II  oilier  than 
100%  ImI  li^^  ^an  tlie  ocdi- 
tenpermturei 
Ibe  hot  air  anaage- 
~  bf  ]^.  14  inajrbe 
I ;  ui  Um  ciiae  thfO  TMel, 
Q.  "^'^ft^i^Sf  tlie  oa^  te^  to  be 
eKHumed,  is  kBaltd  bj  a  hot  air 
hmk,  B^tfe  armding  hot  g^aseft 
a  nag  faamcr  being  made  to 
as  indkated  by  the 
Tbe  UmpcrmUxT^  'of  the 
fn^rr  bot  air  spmte  is  shows  bj 
tbe  ibiigMMPetCT^  B,  and  abouM 
ao*  diSer  mmth  from  that  of  tbe 
oH  itad(  as  indkalcd  Lr  a  ther- 
■aaantcir  iaimetsed  therein  (in 
tbe  igiiRV  •»  a^>  ui  Fig.  12,  this 
it  tmtdhmd  iaode  tbe  pliuKimflt^}, 
A  thenBoataty  or  beat  regulatiir 
where  tbe  gai  smpply  is  anto- 
■latkallT  regaba<!d,  should  be 
^ftpkrjvd  iaaddiiioa. 

F^.    15    nimiWMte    Ambdil'<^ 
anaageawiit    where    the    m 
contaiaing  tbe  col  is  heated  ill  a 
carrent  of  tfafmur    t'^iefuii   firon 
hoilinjer   water,   or    €«ther 
«aittc«l  hy  a  fluid  of 
boilinir  ixitnt}. 


I 
I 


aatxi 

SMicr, «» at  to  read  otf  the  teai^cnitan 

of  ths  flaid  ezmmiDfld 

with  the  mdioftted  relalire  « 
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In  the  Paris  Municipal  Lalioratory,  a  peculiar  kind  of 
*^  tliemia!  ar£eouTet<?r,"  con.structed  by  Langlet,  is  in  use  for  the- 
examination  of  olive  oiL  This  is  an  arseometer  with  an  internal 
thermometer,  so  adjusted  that  when  the  instrument  is  placed  in 
pure  olive  oil,  the  level  of  the  tluid  indicated  on  the  stem  and 
the  thermometer  reading  are  practically  the  same  ;  if  the  oil  be 
warmed  so  as  to  become  lighter^  the  hydrometer  sinks  to  an  in- 
creiised  depth,  and  the  thermometer  column  rises  through  the 
same  length,  so  that  the  two  re«idingB  always  correspond.  H 
however,  the  oil  be  not  genuine  olive  oil,  but  cimtain  an  adiuixtur» 
of  other  oil  of  diflereot  density,  the  readings  will  not  agree.  Thus, 
the  following  pairs  of  readings  correspond  with  certain  oils  other 
than  olive  oil  and  various  mixtures  (iluntz): — 


Thormooieter 
RMding. 


EartliEiit  oil, 

Cotton  seed  oil, ,         .         .         -         . 
3  Parts  olive  oil  to  1  of  cotton  seed  oil, 

Z         „         ,,  1  of  sesame  oil, 

2  J»  »,  1  M 

3  *,  ,,  1  of  colza  oil, 

3         ,,         „  1  of  earth  nut  oi!^ 

*         »»         t*  i  »t 

62         .,         „        48 


]>efre««C 

IHI 
18-6 
lS-3 
181> 
183 
18  1 
187 
18-7 


11*0 

10-5 

mi 

15*8 
16-5 
16-1 
18*5 
17*2 
17-5 
17-4 


CONSTRUCTION   OF  TABLES   OF   ERRORS   FOE 

HYDROMETERS  AND  IIYDROSTATIO 
BALANCES. 


I 


Hydrometers,  a^  usually  sold,  are  not  infrequently  affected  hy 
errors  of  construction  and  graduation,  sufficiently  great  to  render 
their  indications  inexact  to  at  least  ±  one  unit  in  the  third 
decimal  place,  and  sometimes  much  more,  quite  apart  fn^m  any 
error  arising  from  the  dithculty  of  reading  off  the  exact  level. 
To  do  this  with  a.s  little  error  as  possible,  the  hydrometer  should 
Le  floated  in  a  jar  with  a  \\  liite  strip  of  enamel  at  its  back,  or  & 
strong  light  so  placed  that  the  lowest  point  of  the  meniscuft 
formed  by  the  upper  part  of  the  Huid  can  be  read  off  on  the 
hydrometer  scale.  Unless  the  fluid  exambied  be  excessively 
dark  coloured,  this  can  generally  be  done  pretty  readily,  the  eye 
being  level  with  the  bottom  of  the  meniscus  (as  in  reading  a 
burette). 

To  eliminate,  aa  far  as  possible,  errors  of  gmduation,  it  is 
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necessary  to  construct  for  each  instrument  a  table  of  errors, 
deduced  by  directly  comparing  at  the  same  temperature  the 
values  obtained  with  different  fluids  simultaneously  examined 
by  means  of  an  accurate  pyknometer,  and  with  the  hydrometer. 
The  following  illustration  will  suflfice  to  indicate  the  mode  of 
construction  of  such  a  table  of  errors  for  a  hydrometer  intepded 
to  show  at  15" -5  C.  values  ranging  between  '900  and  -950 ;  when 
such  a  table  is  carefully  prepared,  the  corrected  reading  of  a 
tolerably  sensitive  hydrometer  should  be  exact  within  ±  two, 
or  even  ±  one  unit  in  the  fourth  decimal  place.  The  figures  are 
expressed  on  the  thousandfold  scale,*  three  comparisons  being 
made  respectively  near  the  top,  middle,  and  bottom  of  the  hydro- 
meter scale. 


True  Specific  Grarity 
at  l.r  6  by  PjkDomet«r. 


948-4 
924-7 
901  1 


Hydrometer  Reading 
at  15"  5. 


947-5 
1125-0 
lK)2-5 


Difference. 


+  0-9 

-  0-3 

-  1-4 


From    these   comparisons   the   following   table   of    errors    is 
deduced  by  interpolation: — 


Uydrometer  Reading 


I  Correction  to  be  added  ' 
I  to  obtain  the  'J  rue  | 
I       Specific  Gravity. 


Corrected  Speciflc 
Gravity  at  16'-5. 


900-0 

-  1-50 

898-5 

90.-) -0 

-  1-25 

1)03-75 

910-0 

-  100 

909-0 

9150 

-  0-75 

914-25 

'      9200 

-  0-50 

919-5 

925  0 

-  0-30 

924-7 

9300 

-  0  05 

9-29-95 

935  0 

+  0-20 

935-2 

940-0 

-r  0'45 

940-45 

945  0 

^  0-75 

945-75 

,      950-0 

-r  1  00 

951-0 

In  similar  fashion,  a  table  of  errors  may  be  constructed  for  a 
hydrostatic  balance ;  thus,  the  following  numbers  were  obtained 
with  such  an  instrument  of  fairly  good  construction,  the  values 
being  here  expressed  on  the  ordinary  scale,  and  not  multiplied 
by  1,000,  the  temperature  throughout  being  15  "'5: — 

*  To  save  decimals,  specific  cravity  values  are  often  quoted  after  multi- 
plication  by  1,000 :  thus,  an  oil  of  specific  giravity  0-967  is  said  **  to  have 
the  gravity  967/'  and  so  on. 
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1 
True  SwhHBc  Gr»titf         Value  iodtoftted  by 

DUfereiMM. 

0  9976 
0  9r*l7 
09098 
0vS524 

09995 
0  9530 

trBioo 

0-85*20 

-  0*00 H> 

-  01)01  a 

-  inmri 

From  tliese  Jeterminations  the  following  table  of  errors  is 
calculated  by  interpolation  : — 


SpeclQc  GmvUy 
iaUk»t«d  by 

Correction  to  be  uddad 
to  obuiii  the  True 

OT*Tlly» 

Hydroatfttlfl  BWuice. 

8petjiilc  Omvlty, 

0-85 

-h  -€004 

•8504 

0-86 

+  ^ooorj 

•860.1 

0-S7 

+  ^0002 

•8702 

08S 

+  'OOOl 

•8^1 

0  89 

0 

'8900 

0-90 

"  -0001 

'8999 

0-91 

-   1KHJ2 

■909:^ 

0-93 

-  -0005 

1*1 9o              ' 

0  9:i 

-  -0003 

■9292 

0'94 

-  -0010 

9390 

0-9.1 

-  -0013 

•9487 

0-96 

-  -0014 

■9586 

0-97 

^  ^15 

•9a85 

0-9K 

-  D017 

•9783 

0-99 

-  -0018 

•9882 

1*00 

-  -0019 

•9981 

Ooasitlenibly  larger  cDrrections  ihiiii  must  of  thi»se  iiidicHated  in 
this  table  have  sometimes  to  be  applied  to  instruments  as 
piirclia^ed,  in  order  to  deduce  the  true  specific  gravities  from  the 
direct  results  of  observation. 

Hydrometer  Scales,— A  considerable  number  of  more  or 
less  nrbitrary  scaler  for  araometers  are  in  use,  a  circumstance 
often  leading'  to  much  practical  inconvenience.  Tlie  siinjilest  or 
"gi*avity"  Hcale  is  tliat  where  the  sjieciHc  f^ravity  of  the  tiuid 
is  directly  indiciited  by  the  level  to  which  the  ijistrument  sinks 
in  the  fluid  (at  the  nfjrmal  temperature) — ej/^^  in  Lefebre's 
oleometer  (p,  80).  Twaddells  scale  is  not  much  inferior  in 
simplicity,  each  degree  on  that  scale  representing  an  alteration 
of  5  units  in  ^'ravity  on  the  titriusandlold  scale  (p.  83),  and  liie 
valuation  being  given  by  the  formula 

S  ^  1000  -f  5n, 

where  8  is  the  specific  gravity  on  the  thousandfold  acale,  and  n 
the  hydrometer  reading ;  tlms   10"  T  represents  speciiic  gravity 
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1-050;  100**  T,  specific  gravity  1-500;  150**  T,  specific  gravity 
1-750 ;  and  so  on.  The  same  rule  applies  in  the  case  of  a  fluid 
having  a  density  less  than  that  of  water,  the  value  of  n  being 
ihen  negative,  so  that  if  n  =  ~  10°  T,  the  specific  gravity  would 
be  *950,  and  so  on;  the  negative-scale  Twaddell  hydrometer, 
however,  is  but  rarely  used.  A  variety  of  other  scales  are  also 
in  use,  more  especially  in  different  parts  of  the  Continent ;  the 
following  table  of  formulee  is  given  by  Benedikt,  expressing  the 
relative  values  of  their  degrees,  S  and  n  having  the  same  mean- 
ings as  above : — 


Areometer  of 


Balling,  . 
Beaum^, 
Beaom^,* 
Beaum^,t 
Beck,      . 
Brix, 
Cartier,  . 
Fischer,  . 
Gay  LassaCjt  • 
E.  G.  Greioer, 
Stoppani,§ 


Tempentare. 


Degrees. 
17-6  C. 

12-5  C. 

16-0  C. 

17  5  C. 

12-5  C. 

/12-5R. 
tl5  625C. 

12-5  C. 

/  12-5  R. 
1 15-625  C. 

4C. 


Fluids  Heavier  than 
Water. 


I 


s  = 
s  = 
s  = 
s.-= 

s  = 


200 
200  -  n 

144_ 
144  -  /* 

144-3 
144-3  -  n 

146  •78_ 
146  78  -  n 

170  -  n 

400 
400  -  n 


12-5  R.   I 
15-625  C.  |S  = 


/12-5R. 
\  15 -625  0. 


S  = 


400 
400  -  n 

100 
n 

_400_ 
400  -  n 

166_ 
166  -  n 


Fluids  Lighter  than 
Water. 


200 
200  +  H 

144 
134  +  » 

144-3 
134-3  +  ft 

146-78 
''  136-78  +  n 

170 
170  +  n 

_400 
400  +  n 

136j8_ 
''  126-1  +  n 

400_ 
'  400  +  n 

100 
n 

400 


400  +  n 

.      l^g 
*  166  +  » 


'  S  =    ,  .!^  '*       for  lighter  fluids  (Schadler). 
+  S  =  rJ>o'^^  ..  for  lighter  fluids  (Schadler). 


146-78  +  n 
100 
t^  =  ttt; for  heavier  fluids,  and  = 


100 


for  lighter  ones  (Schadler). 


JUU  —  n  '  "*  *"""      100  +  n 

IfiO  IflO 

8  S  =  fs,. for  heavier  fluids,  and  =  for  lighter  ones  (Schadler). 


160  — 1» 


160  +  n 
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Lunge  and  Hurter  (Alkali  Maker*s  Pocket^bof^)   re^rd  tbe 

series  of  values  cot  by  meana  of  the  formula  S  =    . , .'     — 
■^  144*3  -  n 

aa  the  only  ^^  rational "    one  of  the  various   Beaum^   scales  in 

use;    taking    the    ft»rniula    at     15"  C,  the    specific    gravity   of 

water  at  Ib^  =  0"  B. ;  whilst  G6^  B.   represents  speciiSc  gravity 

144 '3 

1  n~h ITn  =  1*8426,     The  followinsj  table  exhibits  the  relation- 

144*5  -   DO 

ships  between  the  values  of  "rational  "  Beaume  degrees,  Twaddi^ 

degrees,  and  true  specific  gravity  : — 


Beanind 

TwEddell. 

Spo^llc  arnTlty, 

n^ 

TwAddelL 

%»MiilfiacmTll|; 

0 

0 

I'OOO 

36*0 

66-4 

1  332 

07 

1*0 

1-005 

38 

714 

1357 

10 

J -4 

1  DOT 

40 

76 1i 

1-383 

1-4 

20 

1010         , 

42 

S2-0 

1-410 

2'0 

2-« 

1'0J4 

44 

87^6 

1I3S 

27 

40 

1-020 

4t3 

03  6 

1-46S 

4^ 

6-8 

1  U29 

48 

90*6 

1*49S 

5i) 

7-4 

11J37 

60 

lOli-O 

1-530 

67 

10-0 

1  050 

62 

1 12 '6 

1-563 

SO 

12-0 

INIOU 

64 

119-4 

1-597 

100 

150 

1-075 

50 

127-0 

1-635 

14-0 

2P6 

1-108 

68 

1342 

1-671 

160 

25'0 

M2ri 

60 

1420 

1710 

18-8 

;i0'0 

1  -150 

61 

146-4 

1732 

20-0 

32-4 

rJ62 

62 

150*0 

1  753 

23-0 

3sa 

rioo 

63 

155-0 

1  775 

25  0 

42 1> 

1-210 

64 

159  0 

1795 

27  0 

40-2 

r2Hi 

65 

164-0 

1-820 

aO'O 

52-6 

l-2ti3 

1        ^ 

J  68-4 

1*842 

33  0 

50-4 

1-297 

1        67 

173-0 

1-865 

wm     I 


RELATIVE  DENSITIES  OF  THE  PKINCIPAL 
OILS,  FATS,  Ic. 

Many  experimenters  have  ptibli.shecl  the  results  of  their  deter* 
minations  of  the  si>ecitic  gravities  of  genuine  nils,  ikc,;  in  most 
instances  the  observed  limits  of  variation  in  this  respect  are  not 
very  wide,  being  mainly  depciidciit  on  the  freedom  from  rancidity 
and  free  fatty  acids ;  the  degree  of  refinement  (or  freedom  from 
mueilaginous  uiatter,  ^kc,) ;  the  age  of  the  sample  (whether 
oxygen  has  been  absorbed  or  not),  and  so  on.  lo  many  cases  a 
measurable  tlifference  is  observ^able  l>et\veen  the  density  of  the 
oil  lirst  expressed,  especially  when  cold  drawn,  and  that  of  the 
later  portions  obtained  by  the  aid  of  heat,  the  latter  being 
generally  heavier.     The  following  figures  are  given  by  Schadler 


J 
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as  expressing  the  average  values  of  the  specific  gravities  at  15* 
of  a  large  nomber  of  the  more  commonly  occurring  vegetable  and 
other  oils : — 


SpMiflO 

Name  of  OIL 

OUfromSaedof 

GraTity 
at  U\ 

Alnmdoil, 

Amygdalus  communis, 
Arachis  hypogtea, 
Bassia  longifolia,  Roxb., 
Moringa  oTeifera, 

•W90 

Arachis  oil  (earthnut  oil),  . 

•9202 

Bania  fat  (lUip^  batter),    . 

-9680 

Ben  oil,       .... 

•9120 

Belladonna  seed  oil,    . 

Atropa  belladonna, 

•9250 

Beeehnnt  oil, 

Fagus  sylvatica, 

•9226 

Camelina  oil  (gold  of  pleasure). 

Camelina  sativa, 

•9328 

Cacao  butter,      . 

Theobroma  cacao. 

•9000 

Castor  oa,  .... 

Ricinus  communis. 

•9667 

Cokemntoil, 

Cocos  nucifera. 

•9250 

OOsaoi],    .... 

Brassica  campestris. 

•9150 

Cotton  seed  ofl  (raw), 

Gossypium  herbaceum. 

•9224 

(rsfined),    . 

tf               If 

•9230 

Croton  oil. 

Croton  tiglium, 

•9560 

Eaonymns  oil  (spindel  oil). 

Euonymus  europsns, 

•9380 

Grape  seed  oil,    . 

Vitis  vinifera, 

•9202 

Hemp  seed  oil,    . 
Goord  seed  oil,  . 

Cannabis  sativa. 

•9276 

Cucurbita  pepo, 

•9251 

HaMhiQtoil, 

Corylus  avellana. 

•9154 

Liii8e«ioU(raw),       . 

Linum  usitatissimum, 

•9299 

„        (boUed),    .        . 

>*                     i* 

•9411 

Melon  seed  oU,   . 

Cucurbita  pepo. 

•9261 

Madia  oU 

Madia  sativa, 

•9350 

Mnstardoil, 

Sinapis  nigra. 

•9182 

Maize  oil,   .... 

Zea  mais, 

•9210 

Nut  oil  (walnut  oil),  . 

Juglans  regia, 

•9260 

Nutmeg  oil, 

Olive  OU  (mcniah  yellow), 
„      (best  quality),      . 

Myristica  moschata, 

•9480 

Olea  europsea, 

)9                      »> 

•9144 
•9177 

„     (Galipoli),     . 

»>                      >l 

9196 

Pine  oil  (red  pine  seed  oU ;  \ 
pinaster  seed  oil),  .        .  j 
Palm  oil,     .... 

Pinus  picea, 

Elais  guinensis,  &c.. 

•9285 
•9046 

Poppy  seed  oil,  . 
Yellowhom  poppy  oil, 
Plum  kernel  oil. 

Papaver  somniferum, 

•9245 

Papaver  glaucium, 

•9250 

Prunus  domestica, 

•9127 

Radish  seed  oil,  . 

Kaphanus  sativus, 

•9162 

Rape  (Hi,    .... 
Red  rape  oil,       . 

Brassica  napus  oleifera, 

•9157 

Hesperis  matronalis, 

•9282 

Winter  rape  oil. 

Brassica  rapa  olifera  biennis. 

•9154 

(refined),     . 

>>                    it 

•9177 

Sesam^oil, 

Sesamum  orientale, 

•9235 

Sunflower  seed  oil,     . 

Hclianthus  annuus, 

•9262 

Tobacco  seed  oil. 

Nicotiana  tabacum, 

•9232 

Weld  seed  oil,    . 

Reseda  luteola. 

•9358 

OILS,    FATF,    WAXES,    KTC. 
Animal  Oils,  &c. 


Sp«dflc 

Nfttoe  of  Oil. 

SOUI««; 

OnvHr 

Bone  fat 

Bones, 

-filBS 

Cod  liver  oii 

Cadus  morrhua,  Ac, 

-sm 

,,            (purifietlK 

I»                      n 

-9270 

,,             (Labrador), 

If                   1* 

•9237 

Mutt*>ii  tallow,    . 

Sheep, 

•9147 

Seal  oil,       .         .         ,         , 

Phoca  ntulina,  4c., 

i»M 

,,      (purified)^ 

Sperm  oil 

Whale  oil  (train  oil),  . 

ii'            ?» 

•92fil 

Fhy84stor  maerocephalus. 

•9115 

Balaam  uiysticetus. 

•9250 

,,       (white), 

t»                      it                                           1 

•92S8 

The  following  tie  terminations  of  the  specific  gravity  at  15'  of  _ 
\  arious  solid  fats,  itc,  are  given  by  Hager  and  Die  tench  : —        ■ 


Hager. 

Dlet«Hcfa. 

Becjf  tallow,           .         .        ,         . 

*9i?n  to  029 

•952  to  -953 

Sheep's  tttOow,     .         .         *         . 

'937  to  940 

-9<*l 

Hog'a  lard,  »        .         ,        .         , 

mi  to  -932 

Stcarine, 

•971  to  -972 

Stearic  acid  (fuacd),      , 

m4 

... 

,,         (crystalH»ed),    . 

•067  to  -md 

••• 

Butter  fat  {clarifiea),    . 

•938  to  -940 

„       (aeveral  moiitha  old),    . 

•**ai>  to  iw 

.*. 

Artificial  butter, 

wii  to  m^o 

*». 

Cw»o  butter  (freflh),     . 

■950  to  tto^i 

•980  to  -981 

(very  old), 

-94ri  to  940 

Beeswax  (yellow). 

•959  to  '962 

•963  to  -964 

,,       (white),           ,        , 

•919to*925 

•973 

Japanese  wax^      .... 

•977  to  -978 

•975 

(very  old),      . 

-mS  to  -964 

... 

Spermaceti,           .... 

.». 

•960 

ColophoDy  (American), 

1-HSO 

11  OS 

(French),     . 

1-104  to  1105    ' 

(ialipot  resin  (|nirified), 

Crude  ozokerite,   .... 

1^M5 

-952 

Ceresin  (yellow), 

-925  to  -928 

922 

„       (lialf  white),     . 

•92.3  to  -924 

-920 

„       (pure  white),    , 

•905  to  908 

'91S 

I 

: 


The  following  valuations  of  specific  gravity  at  37*^8  C.  =  100*  F. 
are  given  by  Muter "^  s— 

*  Spon's   EncydoptFdia  of  Art  a  ami   Manv/attnrtM,   ii.,   p.  1,409.     Th« 
values  quoted  are  the  numbers  expressing  the  weights  of  given  volutnei  of 
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Oil. 

Limits  of  Specific  GntTlty. 

Arerage. 

Almond  oil, 

Arachis  (groandnat)  oil. 

Castor 

CcdLemat, 

(refined-HMdad  oU),  . 

Cod  fish  oil 

Cod  liver  oil, 

Hemp  seed  oil,      .... 

Lard  oil, 

Linseed  (raw),       .... 

„      (boiled) 

Neat's  foot 

Nnt, 

Oliv 

Poppy 

Rape, 

„     refined  (Colza),  .        .        . 
Seal, 

fe:    :    :    :    :    : 

•8980  to  -9109 
•9073  „  -9020 
•9550  „  -9576 
9103  „  -9152 
•9170  „  -9197 
•9130  „  ^9140 
•9114  „  -9220 
•9173  „  9180 
•9190  „  -9.95 
•9076  „  -9082 
•9232  „  -9300 
•93-20  „  9440 
•9052  „  •9079 
•9080  „  -9090 
•9052  „  -9079 
•9150  „  -9155 
•9060  „  ^9077 
•9053  „  -9065 
•9136  „  9195 
•8672  „   8963 
•9056  „  -9066 

•9056 
•9085 
•9558 

•91*76 
•9136 
•9176 
•9179 
•9193 
•9078 
•9252 
•9380 
•9070 
•9085 
•9070 
•9154 
•9067 
•9067 
•9179 
•8724 
•9060 

Since  1  c.c.  of  water  weighs  l^OOOO  grm.  at  4°,  -99908  at 
15*-5,  and  -9933  at  37''-8,  these  values,  when  reduced  to  the 
standard  of  "specific  gravity  at  37-8  referred  to  water  at  W'b" 

(37*'^8\  '9933 

specific  gravity  at  '-b^  J,  will  be  less  in  the  proportion  .qqq/,o — 

t.c.,  less  by  0^58  per  cent. ;  that  is,  less  by  from  •0051  to  -0056. 
If   reduced    to   the    standard   of    "weight    at   37*' '8    in   grins. 

•9933 
per  c.c,"  tney  will  be  less  in  the  proportion  ^  ./^/^/JA  — t.^.,  by  •67 

per  cent. ;  that  is,  less  by  from  ^0058  to  0064. 

Classiflcation  of  Oils  and  Fats,  &c.,  according  to  their 
Belative  Densities. — The  following  tables  are  jriven  by  A.  H. 
Allen,*  exhibiting  the  general  classification  of  oils  and  fats,  «fcc., 
according  to  their  respective  densities ;  the  relative  density  at 

99* 
15* •S  being  taken  in  the  case  of  liquid  oils  and  that  at  ^^nrji  in 

the  case  of  fats,  <fec.,  solid  or  nearly  so  at  ordinary  tempera- 
tures : — 


oil  at  37***8,  referred  to  the  weight  of  the  same  volume  of  water  at  the  same 
temperature  as  unity,  and  consequently  are  the  true  specitic  gravities  at 
37*8  (p.  78).  Muter,  however,  prefers  to  call  them  **  actual  densities ;"  an 
unfortunate  term,  as  the  figures  are  very  different  from  the  true  densities. 

^Commercial  Organic  Analysift,  vol.  ii.,  p.  89,  ci  seq. 
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OILS,   FATS,  WAXES,   ETC. 


Oils  Liquid  at  15"  C. 


Class  of  Oil. 

Specific  Qravity  at  16*-;}  C 

;.  =  G(rF. 

•875  to  -384. 

•884  to  •912. 

•912  to  -920. 

1H0to-W7. 

•987lo-fnL 

Vegetable 
oils. 

None. 

None. 

Olive. 

Cotton 

Japanese 

Almond. 

seed. 

wood. 

Ben. 

Sesam6. 

Croton.      1 

Arachis. 

Sunflower. 

Castor.       < 

Rape. 
Colza. 

Hazelnut 

Unseed      ! 

Poppy  seed. 

Blown  oik 

Mustard. 

Hemp  seed. 

Linseed  • 

(manufac- 

(raw). 

tured). 

Walnut 

Cokemut 

oleine 

(manufac- 

tured). 

Essentially 

3fore  or  less 

noH-cbrying 

drying  oiU. 

ails. 

Terrestrial 

None. 

None. 

Neat's  foot 

None. 

None. 

Animal 

Bone. 

oils. 

Lard  and 
tallow 

oils  (manu- 
factured). 

Whale. 

Marine 

Sperm. 

None. 

Shark 

N«M. 

Animal 

Bottlenose. 

liver. 

Porpoise. 

oils. 

Seal. 

Menhaden. 
CodUver. 
Shark 
liver. 

Free  fatty 

None. 

Oleic  acid. 

Linolic 

Ricinoleio 

acids. 

acid. 

acid. 

Hydro- 

Shale pro- 

Shale pro- 

Heavy 

None. 

Vm». 

carbon 

ducts. 

ducts. 

Petroleum 

oils. 

Petroleum 
products. 

Petroleum 
products. 

products. 

wpmcanc  obatitt. 


»l 


Oiu,  kc^  Pasty  mt  Sau»  av  IT'^C.  «  aO"  F. 
^muH^  accordimg  to  th^r  Sptdjie  Chv^i^  when  MdUcL 


Class  or  Oil,  ftc 

BekllTeDe«ilty»tj^^.» 

•750  to  -800. 

•600  to -8*5. 

•855  to  -86 ). 

•{Clto-867. 

Vegetable 

None. 

None. 

Palm  oil. 
Cacao  butter. 

Palmnut  oil. 

Cokemnt  oil. 

Japan  wax. 

Myrtle  wax. 

Cokemut  and 
Cotton  seed 
stearine 
(manufac- 
tured). 

Animal  fiskts. 

None. 

None. 

Tallow. 
Lard. 
Suet. 
Dripping. 
Bone  fat. 

ffarine 
and  Butterine 
(manufac- 
tured). 

Batter  fat. 

Vegetable 
and  Animal 
waxes. 

None. 

Spermaceti. 
Beeswax. 
Chinese  wax. 
Camauba 
wax. 

None. 

None. 

,  Free  fiitty 
1      adds. 

None. 

Stearic  acid. 
Palmitic  acid. 
Oleic  acid. 

None. 

NOM. 

Hydro- 
1      carbons. 

Paraffin  wax. 
Ozokerite. 

Shale  pro- 
ducts. 

Petroleum 
products. 

Vaseline. 

None. 

*  These  relative  density  values  were  mostly  taken  with  the  pinmmet 
oppvatos  (Weatphal's  hydrostatic  balance)  and  not  corrected  for  the 
e^HUMon  of  the  glass  plummet  used ;  maay  of  the  values  are,  there£N8^ 
MotO'S  per  cent,  too  high— «.«.» too  high  by  nearly  *002  (p.  77). 


^^^m                                        OILS,   PATS,   WAXBSy   ETC;                                                ■ 

Bocin  oils  and  rosin  are  not  included  in  these  tablee^  then  I 

substances   having   specific  gravities    mostly    higher   than  any  fl 

therein  mentioned^ — \Ti,  from    97  to  upwards    of    1 0  ^  Bimilir 

remarks  apply  to  some  of  the  highest-bctiling  petroleum  and  shale 

h3'drDcarbt>ns.                                                                                                     ■ 
Variation  of  Density  of  Oils,  &c.,  with  Temperatore.—  ■ 

like  most  other  substances,  oils  and  melted  fats,  «S:c.,  expand 

J 

Bailo  of  W«if  bt  of  a  givm>  Volume 

1 

< 

~ 

of  Subf  unce  at  f,  to  that  of  ttaa 

Umn 

um«  Volnme  of  Water  at  l^*^ 

Taitotte 

■ 

Nftme  of  OQ  or  Fu,  tc 

couildered  aa  1000. 

perl" 

Alterattmto 
Tampen^ 

^^^^r 

♦ 

tan. 

J 

r 

t=U**. 

tz^iir-w. 

(=98-.«f. 

f 

i 

Aimchis  oil  (grouailiiut  oil^   . 

922 

867-3 

M 

1 

Beeswax,        .         .         .         , 

«.» 

835-6  at  80* 

822-1 

■75 

m 

Butter  fat 

.., 

904-1  at  40° 

8677 

•62 

m 

Castor  oil,      .... 

9656 

.». 

909*6 

•65 

■ 

CchI  liver  oil, 

927-5 

*••           1 

874-2 

•65 

■ 

Cokemut  oleine,     .        .         , 

926-2 

^^ 

871-0 

"67       I  H 

Cokemut  ste&ruie, 

... 

896-9  at  60* 

869-6 

-67         ■ 

Cokemut  butter,    .         * 

911-5  at  40*! 

873-6 

'64          B 

Cotton  aeed  oil. 

925 

.<.. 

872-5 

•03  J^^H 

Doesjhngoil  lbottlenosewbale)» 

880*8 

•  .. 

8-27 -4 

*64]^^^| 

Jajianese  w*x, 

,., 

901 -8  at  60' i 

875-5 

*69^^^B 

Lird 

»♦. 

«98  5  at  40' 

860  8 

*^^^^^| 

Linseetl  oil 

»35 

.., 

880-9 

*6S^^^| 

Menhaden  oif, 

932 

... 

877-4 

*^^i^l 

Neat's  foot  oil. 

914 

... 

861-9 

-63       1^1 

Niger  seed  oil, 

027 

873-8 

-64       !^t 

Palm  b^tt<^r 

8930*at  SO** 

858-6 

'72       1  1 

Porpoise  oil,  .... 

926 

••> 

871-4 

•^      IB 

RapeoiL        .... 

915 

... 

863-2 

-62       IH 

Seal  oil,          .... 

924 

... 

873-3 

"62       ^1 

Sesame  oil,     .         .         ,         , 

921 

... 

867-9 

•62       ^1 

Spermaceti 

835-8  at  60* 

806-6 

-72       ^1 

Sperm  oil,      .        ,         , 

883-7 

... 

830-3 

^    n 

Tallow..         ,         .         .         , 

... 

895i>at50* 

862-6 

<67       ^M 

Whale  oil 

930-7 

... 

872-5 

*70       H 

Tiirallin  wiix, 

..• 

780-5  at  60" 

7530 

•72 

m 

Commercial    *  *  steari  ae  "          "^ 
(crude  stearic  acid),  .         .J 

... 

S59D  at  CO* 

8305 

75 

m 

Commerciftl    **oleiDe  "     ( im-  1 
pure  oleic  acid),         .         .  / 

floa-s 

..» 

848-4 

-66 

on  heating  ■  it  is  somewhat  remarkable  that  nearly  all  bodies  o 

J 

this  description  eximnd  at  alKHit   the  same  rate  (within  not  veryj 

wide   limits   uf  departure   from    the  avera^^e),   so   that    I    c,c,  olfl 

substaMce  always  increases  to  aliout  lU0u75  vc,  liy  rise  of  t«in^%l 

perature  of  V  V.     The  effect  of  this  on  the  density  is  to  diininislin 

it  in  the  inverse  proportion;  so  that  an  oil,  *kc»,  the  speciiiff| 

^^n  speci 


IFIC  GRAVn 

vity  of  which  at  15"  is  from  -9  to  '95,  will  become  diminished 

specific  gravity  to  y^^^f^  to  f;^j^jjj=^  hy  rise  of  T  in  tempera^ 

%,€.,  the  diminution  in  the  specific  gravity  is  '00067  t<i 
OOOTL  Thus  the  preceding  values  were  obtained  by  A.  H. 
Allen  ;  *  tVjr  the  sake  of  convenience,  and  Iaj  avoid  decimals, 
all  the  figures  are  multiplied  by  1^000, 

From  these  values  it  results  that  whilst  glyceridic  oils  fluid 
at  the  ordinary  temperature  diminish  in  specilic  gravity  Ijetween 
15'  and  98*  C\  at  close  to  the  average  rate  of  '64  per  V  (uncor- 

t-ed  for  plummet  expansion  ;  somewhat  more  when  corrected), 

jlycerides  of  higher  meltinfr  point  (like  Japanese  wax  and  palm 

butter)  and  waxes  (beeswax,  spermaceti,  paraflin  wax)  diminish 

in  sfieciJic  gravity  at  a  slightly  higher  rate,  averaging  about  U"7 

per    1"*.     In  all    ciiaes,  however,    the    rate    is    sensibly  near    to 

2 

^  K  '001  per  V  C,  reckoned  on  the  usual  specific  gravity  scale 

(water  =1)  and  not  multiplied  by  1,000. 

Figures  closely  cuncording  with  these  have  been  subsequently 

obtained  by  other  experimenters  ;  thus  0,  A.  Crampton  f  found 

for  various  sainpl&s  of  lanl,  lard  stearine,  beef  iat,  oleostearine, 

cotton  seed  oil»  and  olive  oil,  coefficients  of  expansion  between 

15'  and  100"*  lying  between  *000715  and  '000797,  averaging  close 

15' 
<K)075.     Since  the  relative  density  at  —  of  these  substances 

as  found  to  lie  between  -9065  and  -9220,  the  average  decrement 
in  tlensity  per  1'  C  rise  in  temperature  was  close  to  0"69  on  the 
thousamlfold  scale,  W.  T.  Weuzell  found  J  that  rdive  oil, 
ustard  seed  oil,  castor  oil,  sperm  oil,  and  cod  liver  oil  ex|>an(led 
almost  exactly  the  same  extent  in  each  cane  between  1G'*7  and 
44'*4  C*  (G2°  and  112^  F,);  the  increment  in  bulk  being  2  per 
cent.,  all  the  substances  being  examined  in  the  samethlatometen 
s  represents  an  apjmrent  coefliL-ient  of  expansiun  per  1"  C 
jof  00072,  which,  when  corrected  for  the  expaosion  of  tlie  glass, 
becomes  •00075»  or  practiciilly  the  same  figure  as  that  found  by 
Crampton ;  and  indicating  an  average  decrement  in  denwity 
per  I'C.  rise  in  temperature  of  005  t4>  0G9.  On  the  other 
liand,  Lohmann  states  J  that  1,000  volumes  of  oli%^e  oil  increase 

*Comm^cial  Orgamc  Analysis^  vol.  ii.,  p.   17,   ft  <crj.     The  values  at 

„he  higher  tern r>e rata rea  were   mostly  obtaiacd  by  &  pluraiiR't  appai-atiia 

^We^tpbial'a  hydrostatic  balance)*  and  not  corrected  for  the  expansion  of  the 

plan  plammet  a><ed,  tbe  object  being  ^iimply  to  make  comparalive  catinia- 

ioiiB  ;  hence  many  of  the  tij^ures  in  the  la»t  coin  ma  are  aomewhttt  too  low 

by  about  *tJl  to  -O'i  (rw/f  p.  77). 

t/pwr/i.  Soc  Chem,  /tuI.,  1S89.  p.  550  ;  from  Amer.  Chtm.  /.,  II.,  p.  232, 

ZAnalyU,  1890,  p.  14, 

fSchadler'A   Ttchnotoi/ie  der  FetU  und    Ode,   2iid  edition,   edited   by 

DhmaiiD,  p.  9K 
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by   0*83   volumes   fin*    V  C    rii%e   of    temperature ;    whilst   the 
analo^ouH  increment  fur  i*ape  oil  is  0't>9,  and  tor  traiii  oil^  I  " 
figures  pert'eptibl}'  liiglier  than  those  found  by  the  other  obdervcii 
above  mentioneLL 

TISCOSIMETRY. 

In  order  to  olitain  valuations  of  the  so-called  "  viscosity "  of 
oils,  itc,  as  approximate  rueasurenjenLs  of  their  relative  lubricate 
ing  powerK,  iwu  classes  of  methrxls  are  in  use — viz.,  those  where 
the  measurements  are  made  l>y  observing  the  mechanical  etiecte 
produced  l»y  applying  the  oil,  tfec.,  between  two  eonveniently 
arranjL^efl!  surfaces  in  motion  with  respect  to  one  another;  and 
those  where  the  oil  to  be  examined  is  made  t*^  pass  through  ft 
given  tube  or  orifice,  and  the  time  of  passage  of  a  known  quan- 
tity is  noted-  From  tlie  practical  point  of  \new,  obviously  tlie 
most  valuable  measurements  of  the?  kind  are  those  obta,inable  by 
imitating  as  nearly  aw  possible  the  conditions  under  which  the 
lubricant  is  Ui  be  U8ed — i.e.,  the  power  of  overcoming  friction  is 
best  measured  by  a  testing  machine  precisely  similar  to  that  far 
which  the  lubricant  is  required  ;  qidck  moving  spindles,  rapidly 
revolving  axles  in  journal  boxesj  or  heavy  slow  moving  shaft* 
ing,  6lc.,  being  employed  as  occasion  recjuires.  Such  measure* 
ments,  bowe\ei\  can  only  be  properly  carried  out  in  comparar 
tively  large  cstabli.shments,  and  are  not  at  all  iulapted  for  use  in 
lalwratories  where  the  chemical  nature  of  the  oils  is  investigated 
and  their  genera!  characters  tested ;  accordingly,  in  these  cases, 
methods  of  the  second  kind  are  now  usually  employed,  since  ex- 
perience has  shown  that  the  companitively  small  sized  mechanical 
testing  machines  of  various  kinds  that  have  been  invented  for 
the  purpose  are  apt  to  give  results  more  discordant  amongst 
themsi'lves,  and  less  faithfully  representing  the  actual  lubricating 
values  of  the  su Instances  examined,  than  those  obtained  by 
apparatus  for  the  determination  ftf  ''efflux  velocity"  (incorrectly 
desigJiated  **  viscosity  "). 

Of  the  numerous  simjiler  forms  of  mechanical  testing  arrangp- 
ments  that  liave  Ijeen  ]>r*jposed,  one  of  the  earliest  (M 'Naught's 
pendulum  machine)  is  also  one  of  the  least  unsatisfactory ;  this 
consists  of  two  cUscs,  the  lower  one  provided  with  a  raise<l  edge 
and  attached  to  a  vertical  spindle  revolving  in  l^earings,  the 
upper  one  resting  an  a  pivot.  The  space  iDetween  the  two  discs 
is  filled  with  the  oil  to  be  testecb  and  the  lower  one  made  to 
revolve  at  a  given  speed.  The  friction  due  to  the  oil  would  in 
time  cause  the  upper  disc  to  revoh'e  tofj ;  but  thLs  motion  is 
prevented  by  means  of  a  pitgecting  pin  in  contact  with  a 
penduluiiL  In  consequence,  more  or  less  pressure  on  the  pen* 
dulum  is  produced,  diverting  it  from  a  vertical  position  ;  the 
degree  of  displacement  afibrck  a  measure  of  the  resistance  of 
the  oiL 
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Sfflux  Method. — The  simplest  arranjEtemeii 
iU'isons  between  clilTererit  uil.^,  *S!c.,  us 
velocities,  consists  of  an  ordinary  pipette 
filled  up  U^  M  given  mark  on  the  stem 
with  the  oil  to  \)e  tested,  the  time  being 
noted  requisite  for  the  oil  to  run  out 
either  completely,  or  down  to  some 
lower  mark.  Fig.  16  represents  an  in- 
struraent  on  this  principle  devised  by 
rSclmbler,  the  ypper  jiart  of  the  pipette 
eing  expandefl  into  a  reservoir,  with  a 
attached  indicating  the  level  to 
the  il  aid  si  nk  s  ;  fo  r  co  1 1  \  pa  rat  i  ve 
j^ljaervations,  the  reservoir  is  filled  to  a 
Ifiven  level,  and  the  time  determined 
iuKng  which  the  level  sinks?  to  a  given 
|futtent,  (a)  in  the  case  of  the  substance 
(6)  in  the  case  of  some  other 
Btofvce  taken  as  standard. 
The  time  ratio  thus  deduced  does  not 
represent  the  relative  time  for  rqual 
tceit/hU,    but   that  for  eqtuvl  xsAume^ ;    so 

iktio    for    equal   weights    the    value 


t  for  makinji;  com- 
^ards    their    efflux 


€h 


'I 


Fig,  16, 

that    to  deduce   the 
must    be    multiijUetl 


by  T'i  where  d^  is  the  relative  density  of  the  substance  examined, 

id  t/.,  that  of  the  standard  snbstance.     Thus  if  the  su Instances 
mtrasted  were  sperm  and  rape  oils,  and  the  respective  times 
:ittisite  for  the  same   volume   to   ilow  out   were   40  and    12D 
[>iid&,   whilst  the    relative  densities  were  *880   and    *915  re- 
Ispectively,    the    relative  efflux    rate   for  ©(jual    weights    would 

/,  ^i^  riOx  •880"   ^'* 

As  the  time  of  efflux  varies  markedly  with  the  temperature 
(usually  diminishing  as  the  temperature  rises),  such  comparisons 
must  necessarily  l>e  made  under  consstant  conditions  iv&  to  tem- 
perature. 

la  order  to   ensure    uniformity  of  t^?ioperature    in  different 
experiments  the  results  of  i^hich  are  to  be  compared  together, 
the  vessel  containing  the  oil  may   be  cnnveniently  surrounded 
with  a  jacket  contairdng  water  or  melted  paralhn  wax.     Fig.  IT 
isents  an  arrangement  of  the  kind  describetl  by  E.  Scbmid, 
containing  a  device   for  maintaining  a  constant   pressure 
uring   the  outflow,   instead    of  having   a   continually   varying 
**bead,'*  a«  in  Schubler's  instrument.     The  vessel  containing  the 
oil,  A,  ifl  a  sort  of  pipette,  excepting  that  the  upper  end  consista 
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of  a  tube»  B»  passing  clown  inwanla  to  a  point,  F,  near  the  1 
of  the  expiiucled  jmrt.    The  upper  end  of  B  is  closed  bj  &  it* 


I  D,  so  that  when  the  stopper  ia  in,  no  air  caa  enter,  and,  ooi 

I  fle<|uently,  no  oil  rtins  out  at  G  ;  hut  on  removing  the  stopper  th 


Fig.  17. 
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fws  ouL  The  pipette  is  filled  by  removiji»^  the  stopper, 
ing  it  with  the  end  HI)  immersed  in  tho  oil,  and  sucking 
>  the  other  end,  G^  until  full,  when  it  contains  somt^  50  e.cs, 
Itopper  being  replaced,  the  j)ipette  is  fixed  in  position  inside 
rater  jacket,  heated  to  the  rec| wired  teinpt*rature  in  the 
iarj  way  by  means  of  the  projecting  twbo  ;  a  stirrer,  K,  with 
^nular  plate  at  the  end  in  provided  ;  liy  moving  this  up  and 
I  the  temperature  is  equalised.  When  tlie  required  t em- 
tare  is  attained  the  stopper  is  withdrawn  and  tlie  time 
lained  requisitne  for  a  given  volume  of  oil  tu  run  out;  lis 
the  level  of  the  oil  in  the  pipette  does  not  fall  l»elow  F, 
sure  or  **  head  "  under  which  the  oil  issues  at  G  is  mani- 


Fii:.  13. 


coti<%t$ini,  being  that  due  to  a  column  of  nil  of  length,  <xV. 
inpUiying  high-l^oiling  parafiin  oils,  Jrc,  in  the  water  jacket, 

Uttive  efflux  times  at  high  temperatures  can  thus  be  readily 
!ininetl  for  various  oils. 
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With  all  instrument H  uf  lliis  description  a  variablo  auMWl  tf 
friction  is  brt:>ught  iiitu  i>lay  a^  tlie  oil  jitusscji  through  tlieeAai 
pipe,  espeeiiilly  w iic*n  this  is  ermical :  so  that  varjing  results  a« 
oft<*ii  ubtainetl  with  ihfl'erent  instruments.  This  source  of  error 
is  best  avc»itlod  by  iloing  away  with  the  efflux  tube  altogether, 
sul^titutiiig  **>i"  it  u  hnle  drilled  in  a  plate  uf  glass  or  agate. 

Bedwood's  Efflux  Viscoaimoter. — Figs.  18  and  19  repre- 
sent Bovert£>n  lled\v<jtMj\s  furin  *»t'  visi-osi meter,  ccmsisting  of  in 
interior  silvered  copfHT  cyliiuler^  about  1^  ins.  diameter  and 
^^  ins,  deep,  tonlaihin^f  ihe  oil  to  he  examined;  the  hottooi 
uf  this  is  funushetl  with  an  orifice,  consisting  of  a  hole  hored 
through  an  agjite  phtte,  the  top  of  which  is  eatcavated  into  & 
hemispherical  cavity,  so  that  a  nmall  bruss  sphere  attached  U*  a 
rtnl  and  ilropped  in  forms  a  sufficiently  tiirht  \alve.     An  outer 


I 


I       ^ 


!   'F<1 


Fig.  20. 


jacket  is  provided  with  a  closed  copper  tiil>e  pn»]eeting  therel 
A>wiiirards  at  an  angle  <>f  45 \  so  that  l\v  heating  this  "tail**  i 
Bunsen  or  spirit  hirnp  ilame,  the  temperature  of  the  liijuid  ( water, 
oil,  melted  |wuat!in  wax,  ttc.)  in  tiie  jacket  can  he  raised  as 
requirefl.  A  rev<ilving  agitattu'  to  equalise  temperature  in  the 
jacket  is  provided,  with  a  thermoioeter  attivched,  a  second  ther- 
mometei'  being  sup|:Kjrted  in  the  oil  by  a  clamp  fixed  to  tlie 
cylinder.  The  whole  rests  on  a  tripod  stand  furnished  with 
,  levelling  screws.     The  constancy  of  initial  level  of  oil  inside  the 
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fcjUndor  is  a&surefl  l>y  means  c^f  a  gauge  consisting  of  ii  small 
intertml  bracket  with  uptunied  point. 

When  aa  observation  i.s  to  lie  made   the  biith   is  tilled  witli 
water,  or  heavy  mineral  oil,  itc,  imd  heated  to  the  required  tem- 
perature.    The  oil  to  be  tested  is  also  heated  t<*  this  temperature 
,  and  poured  in  until  the  level  of  the  liijuid  just  reaehes  the  point 
[of  the  gauge,     A  narrownecked  tfa.sk,  holdin*^'  50  c.cs*,  ia  placed 
[beneath  the  jet  Irrunersetl  in  a  liquitl  at  the  same  temperature 
|as  the  oil.     When  M   ih  ready   the   kail- valve   is   raised  and  a 
itop-wat^h  started,  and  the  number  of  secomU  reipn'site   to  fill 


Fig.  21, 

[the  50^. c.  tiask  noted,  care  bein|^  taken  that  the  temperature 
'  does  not  fluctuate    duririi»^   the  time,  and   that    the  oil    is    per- 
fectly free  from  suspended  mutter^  f^uih  as  diit  or  globules  of 
water. 

In  order  to  obviate  the  necessity  of  id  ways  usiii;^'  the  name 
I  volume  of  oil  (indispensable  in  order  to  end  with  the  same 
IdidTerence  of  level,  luid  consequently  maintain  the  same  average 
[head  or  pressure  throughout),  A.  H.  Allen  makes  an  addition 


100 


OILS,    FATS,    WAXES,    ETC. 


consist ing  of  ail  airtijsfht  cover,  Fig.  20,  perfui-ntod  hy  twn  holes,  j 
one  of  which,  A,  ij?  furnished  with  a  tap,  B,  while  the  nther  has  I 
another  tube  screwing  airtight  into  it.  This  tuW,  C.  is*  pro-] 
longed  on  two  sides  in  contact  with  the  agate  orifice^  whilst  the! 
angles  of  the  inverted  V-shaped  slits  cut  on  each  side  terminate ] 
at  D,  exactly  !i  inches  higher.  The  cylinder  is  cnjupletely 
filled  with  nil  befon*  cotiinienciiig  an  observation,  the  tJip,  B,| 
closed,  and  t!ie  oHHce  opened  till  the  oil  sinks  to  the  level  of  Dl 


Fig.  2:2. 


in  the  inner  tuW.  Air  tlien  bublilcH  rejjularly  in  at  l> ;  wT 
this  happens,  the  temperature  is  noted  anil  the  oil  colleetiHl  in  j 
graduated  receiver.  Any  volume  from  10  to  TjO  e,c.  can  thus  f 
rnn  out,  as  tlie  oil  falls  iji  the  upper  part  *yf  the  cylinder,  but 
maintaijied  constantly  at  the  level,  I),  in  the  inner  tulje.  Five| 
consecutive  valuatii*ns  of  ID  c.c.  each  may  thus  Ik^  ntade,  whils 
50  c»c.  run  out. 
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Seveiiil  oihor  foniis  nf  viscosiuieter  have  been  coii«triictefl  by 
other  experimenters,  l)<ised  tin  the  efflux  principle*  Fi^.  21 
represents  in  section  Knglers  instrument ;  a  sligjhtly  modified 
form  of  this  by  Engler  and  Kiinkler^  is  largely  usfnl  on  the 
continent.!  Fig*  2'2  repreHentvS  u  simple  form  reeently  con str netted 
by  (i,  H.  llurst.i  The  *iih  t^'t*.,  to  be  examined  is  run  into  the 
innermost  vessel  up  t-o  a  given  height  det^rnnnt^  by  a  gauge- 
pin,  at  id  heateil  up  tu  the  re<juired  extent  by  ajiplying  a  liunsen 
hkurner  tir  spirit  lamp  to  the  heater  at  the  side^  eonnceted  by  two 
tul>es  with  the  water  reiser  voir  surrounding  the  oil  chamberj  so 
a,M  to  heat  the  water  by  circulation.      The  temperature  of  the  oil 

■  is  ol>ser\ed  by  means  of  a  thermometer  ]>hiced  therein  (usually 
this  regi.sier>i  alxmt  0'  F.  lielow  the  temp*"nxture  of  the  water  in 
the  jat^ket);  when  the  recpiired  tempemture  is  reached,  the 
central  valve  i.s  i-ai^eih  ^ntJ  50  c.c.  of  nil  allowed  to  run  out  into 

ta  measuring  Hask  nnderMeatli,  the  tiun*  uf  etflux  being  noted. 
Obviously,  with  this  instrument,  the  head  under  which  the 
liquid  issucM  is  continually  diminishiug  as  it  fluws. 

Standards  of  Efflux  Viscosity.^  In  actual  pnietiee^  water  is 
toe:*  fluid  to  be  a  convenient  Htantlard  sulistance  ;  rtipe  <>U  is 
usually  chosen  in  preference,  bec^iuse,  notwithstanding  the  im- 
nvoidiible  dii3erences  that  exi^t  between  sanjples  from  seeds 
grown  in  different  countries  and  sods,  these  differences  are 
uaimlly  not  extremely  wide*  Definite  mixtures  of  pure  glycerol 
and  water*  however,  c-an  be  readily  j>repared,  possessing  almost 
any  recpjired  hij^her  degree  of  **  viscosity,'' §  and  capable  of  use 
^K  AS  stantlards  of  eomparison  of  eonsiilerably  greater  uniformity, 
^Jwhen  jirepared  by  difi'erent  operators  at  ilifierent  times,  than  is 
possible  with  natural  ]«roduclH  such  as  rape  oil. 

The  following  tallies  are  selected  from  the  numerous  results- 
published  by  various  authorities,  as  illustrating  the  general 
character  of  the  nuud>ers  obtained  with  **  viscosimeters "  of 
different  kinds  for  determining  the  relative  elflux  rates  of 
different  natui"al  oils^  ttc,  and  lulnncants  made  therefrom,  or 
frijm  i»etroleum  and  othei"  hydrocarlKuis,  and  the  etfect  of  varia- 
^  tions  of  temperature  on  the   values.     The  figures  ohtained  by 

I 

*  Jottm,  &>c.  Chm.  Indiistinf^  1800,  p.  654  ;  from  Dingier  fi  pmift.  Journ,, 
276,  p.  42. 

t  A  still  more  recent  form  is  de«cribefl  by  Eiigler,  with  special  in- 
struct  ions  for  ifi  U»e  {Joarn.  Sqc.  Chrm.  Ind.,  ISUH,  jj,  2111  ;  hum  ZeiU. 
amff,  Cfi£m,,  1892,  p.  725), 

tJourn.  sSoc.  Ck*^n   Imiustrij.  1892,  p.  4lH. 

f  With  the  viscoNinieter  aUyvi-  tlt-scrib^tl,  lloverton  Redwood  (iiids  that 

tthe  relative  times  rt*<)uiaite  for  50  v.c  of  watt-rand  genuiiio  rape  oil  to  liow 

Dut    at    the   tempenihire  of   15'\>  C.  (00    F. )  are  iofi   ami   oJil   Keconda 

ei^peciively,  taking  thr  nverat:^  of  various  Rampltts  of  pure  oil,     A.  H,  Allen 

^jnda  that  ^dyc<?rrd  diluted  with  water  until  the  Hpecitic  gravity  at  15  5  is 

|1*22G.    iios^emcs   the   sanie   degree  of  viscosity   as  average  rape  oil  whea 

eitcd  in  the  sAinc  way. 
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Schiibler  represent  the  "  viscosity  degree "  (viAcositdf.*ffrad)  or 
**  relative  viscxjsity^'  of  the  respective  f>ils — i.e.,  the  relafcivo 
times  rec[uisite  for  fqimf  t'ofnm^^  to  pass  (at  7^*5  and  15'  C. 
respectively),  the  times  reqiiireil  l>y  tlu^  .same  volume  of  water 
being  taken  as  unity  ;  thtise  quoted  fmrn  the  other  aiithoritiet* 
are  not  thiia  reduced,  hut  are  simply  the  at:tual  times  directly  I 
observed  with  the  |wirtieiilar  instruments  used  :  — 


Ujidic  of  i  HI. 

BelfttlTff  Tfau  In  Jieeoodi 

i(SeiiBI>ton 

PlfintfromwhlelidOTlnd. 

MT^MC. 

Atu^e 

Castor  oil,     , 

Ilicmus  communis. 

877-0 

203-0 

Olive  oil,       . 

Olea  ouropa.*!. 

31  r» 

21-6 

Hazelnut  oil. 

Corylos  avellana. 

24*2 

18-4 

Culm  oil. 

Brassica  campestris  oleifera, 

22  4 

la^ 

Rupo  oil. 

Brasaica  rapa  o  li  if  era  biea  u  i  a, 

22'*i 

17-6 

Beechnut  oil. 

FagUB  sylvatica, 

20 -3 

17-5    f 

Whitts  Miistara  oil,       . 

Sinapis  alba, 

24-0 

17-4 

Almoiitl  oil,  . 

AmydaUis  communis, 

23  3 

la's 

Spiiuilenut  oil. 

KuonymuB  enropieua. 

2:13 

15-9 

BUcb  iimstard  seed  oil, 

Sinapia  nigra, 

19  4 

15*6 

Poppy  seed  oil,     . 

Papavcr  aomnifcrwm, 

inii 

13-6 

Camel  ma  seed  oil. 

Myagrum  sativum. 

17-7 

13-2 

Belladonna  seed  oil. 

Atr^pa  bullfttiouim. 

17-3 

131 

Simflowi^r  oii. 

Hcdianthus  aunuua. 

16-4 

121$ 

Turi>eiitiiie  oil,      . 

rifiiiH  sylveatris. 

10-7 

11*8 

Cress  oil, 

Lepiditiut  -sativum. 

14*4 

n-4 

Grape  seed  oil. 

Vitia  viiiifera, 

14-2 

IID 

Plum  kernel  oil,    . 

E'ruiiua  domes tica. 

14-7 

10-3 

Tobaciio  seed  oil. 

Nieotiaua  tabaciiiu, 

13  5 

10-0 

Walnut  od,  . 

Juglaus  rejjia. 

11 -8 

0-7 

Linseed  oil.  , 

Linum  usitatiasimuui. 

n-'y 

97 

Hemp  seed  oil,      . 

Cimuabis  aativa, 

1 1  U 

9-6 

OIK  &c.,  Uisd. 

BcUUvc  Time  la  BeenoiU  (Wllwiu). 

Atifi"*5a 

At*»-C. 

MtS^C 

-M>*K 

-1«0»K        ' 

-IW*. 

Sperm  oil 

Olive  oil, 

47 

30  r* 

'ir»73 

m 

37 -75 

2N-2a 

Lard  oil,         .... 

«>ti 

38 

26-5 

Rape  oil 

]m 

41-25 

30 

Ncat*«  foot  nil, 

112 

40-23 

29-2S 

Tallow  oil,      , 

143 

37 

25 

"it^mo  tallow, 

soua. 

41 

S65 

VISCOSIMBTRY. 


103 


VISCOSITY  IV  SECONDS  FOR  SOcc. 


a 


?i 


60 


F%.  24.— Temperature  in 

Degree*  Fiilireiihett. 

ItcUlivc  Time  hi  SecontU  (  UlenK 

Oih  Km|>U>7«d. 

Bjjcc.  Gmv, 

An.v*fiC.          At  Sff'C. 

AtlorO. 

atlft-fiC. 

•SSI 

"flO-F.     , 

-lSfF» 

-xirr 

Sperm  oil» 

SO 

47 

30 

Seal  oil  ^paleK 

■024 

131          m 

43 

Northern  whak!  oil. 

o;ii 

}m          65 

40 

Menharlcn  oil, 

932 

172              40 

Sesami'  oil, 

■il2l 

16K               65 

isa 

AracUia  oil,      . 

*1^22 

IMO               64 

•«. 

Cotton  seeil  oil  (refincH^lK 

1125 

ISO               62 

40 

Niger  »eeil  oil, 

iK27 

170'              59 

4a 

Olive  oil, 

•016 

187               02 

43 

Bape  otl, 

'91f» 

21J1               80 

45 

Cantor  oil, 

*ll()5 

24i?U             330 

1 

60 
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Relative  Time  in  SecondB  (Redwood). 

1 
6a»F.   ;   70«F. 

lOOT. 

140' F. 

20OTF. 

860»F. 

300»F. 

Refined  rape  oil.  No.  1, '  7125 

405 

147 

105-5 

58-5 

43  25 

•»  1 

406 

146 

106-5    57-5 

... 

... 

405-5 

147 

106-5    67  5 

... 

„    4, 

.•• 

407 

147-5 

106       5S-5 

... 

Beef  tallow. 

... 

... 

... 

54-75  140 

Sperm  oil, 

... 

136S 

60-5 

60-75  42       '  34-75 

30 

Neat  8  foot  oil,   .         .     ;    620 

366 

126 

88-4    50-4      44 

38 

American  mineral  oil,  1      .  ,- 
specific  gravity.  •885/1    "-^ 

90 

47 

41           ...     1     ... 

... 

American  mineral  oil.  i 
specific  gravity,  '923  \ 

Russian  mineral  oil.     \ 
specific  gravity,  '900  j 

1.030 

485 

126 

82     |42       !     ... 

... 

2,040 

820 

174 

116     |48-5    1     ... 

... 

Russian  mineral  oil,     \ 
1      seminolitl,         .         .  / 

i 

... 

531 

317-5 

99-25 

59  25 

42-6 

1 

Redwocxl's   results   are  indicated   graphically   by  the  curves 
indicated  in  Figs.  23  and  24. 


RelaUve  Time  in  Second*  (Hurat). 

70«F. 

100"  F. 

1J0»  F. 
201  -5 

ISO**  F. 

180«»F. 

48        1 

Castor  oil,       .         .         .        1.248 

487-5 

Thickened  rape  oil. 

1,370 

331-5 

270  5 

156 

7«-5 

Sperm  oil. 

58-5 

36-4 

26 

19-5    ; 

17 

G»lza  oil. 

131 

56 

44 

.32  5    1 

28 

Whale  oil,       . 

128-7 

61 

44 

28-5 

28 

Tallow  oil,      . 

'      105 

63 

45 

30       j 

20 

Cotton  oil. 

1      100 

65 

40 

25 

20 

American  885  oil. 

'        68 

3.-> 

23 

15       1 

14 

American  905  oil, 

113 

44 

32-5 

19-5    1 

18 

American  915  oil. 

140 

47 

36 

21        ! 

19-5 

Scotch  865  oil, 

32  5 

22 

18 

15-5    1 

13 

Scotch  885  oil. 

58-5 

26 

22 

18       , 

15-5 

Scotch  890  oil. 

71-5 

39 

26 

195    ! 

17 

Russian  906  oil. 

292-5 

97-5 

56 

30       , 

22 

Russian  911  oil, 

462 

143 

91 

82-5    ! 

26 

Rosin  oil,  dark, 

152  5 

97-5 

38 

22 

18 

Rosin  oil,  pale, 

.     '      136-5 

49-4 

25 

18 

17 

Cylinder  oil,  medium, 

'       ... 

385 

255 

170 

70 

Cylinder  oil,  pale, 

,           ,,, 

405 

265 

1-20 

90 

Cylinder  oil,  dark. 

... 

890 

495 

230 

1 

100 

As  further  illustration  of  the  effect  of  rise  of  temperature  in 
diminishing  the  rate  of  efflux,  the  following  figures  may  also  be 
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quotP<^i  ul>biiaf*tl  hy  Villnvocchia  and  Fabris,  whilst  investigmting 
certain  lubricating  oils*  for  excise  purpa'sesr— 


LttlNrieatlug  oil. 

Eflnx  Eate  tthmi\  to  Water  U 

AtflFC. 

Atfio^a 

No,  1 

2 

,.    4 

T*      7 

44%39 

51-07 

,'{8-77 
7209 
67*92 
56-03 

6^1 
5-»4 
65© 

835 

9-6G 
5-7 1 

Thus,  the  effect  of  a  rise  in  temperature  from  20^  to  50*  la 
diminish  the  etflux  rate  to  J-  -  ^'^j  of  tlie  original  value,  the  eB:ec(| 
being  niore  niarke<l  witlt  the  more  viscous  duids. 

According  to  experiments  by  Bender^t  when  au  oil  is  chilla 
to   -  20*  for  8ome  time,  and  then  warmed   up  agaiii^  the  effltt 
viscosity  value  at  the  ordinary  temperature  is  often  considerahW 
increased  aa  t-ompared  with  what  it  was  previously  at  the  i 
temperature  of  observation,  thick  oils  usually  showing  a  i 
increment  tliari   thinner  ones.     On  the  other  hand,   if  oilg 
heiited  up  to  50^  or  lUO"*,  and  then  allowed  to  cool  down  ag 
to   tho   air   teniperature,    the   thicker   oils   become    perceptib 
thinner,  wiiilst  the  thinner  oils  are  less  affected. 

lifipenau's  Loptomotor. — This  instrument  is  based  on  a 
principle  somewhat  diffei-ent  from  that  involved  in  the  above 
-described  forms  of  efflux  viscosimeter,  inasmuch  as  it  depends  not 
only  on  the  rate  of  f!uw  tlirnui^di  a  given  c:»rifice,  but  also  on  tiie 
-amount  of  surface  t^'usirm  called  into  play  when  drops  are  formed 
in  air.  It  consists  essentially  of  a  pair  of  precisely  simiLir 
cylinder.^,  B  B  (Fig.  -5),  immersed  in  the  same  hath,  A,  one  of 
which  eontain8  the  oil  to  be  examined,  and  the  other  another  oil 
used  as  standard  of  comparisrm  ;  the  relative  rates  are  noted  at 
which  drops  form  as  the  oil  jiasses  through  equal  sized  capilla  " 
tubes,  r,  1%  thp^  dimensions  of  which  are  too  small  to  pt*rrait 
eontinuous  streams  being  produced,  the  quantities  flowing  out  i 
a  given  time  being  weighed  or  measured. 

All    these    varifiin    forms   of  instrument   are   subject    to  one 
constjint  source  of  error — viz.,  that  the  forces  coming  into  pUji; 


1  at 

ilai^ 

Lt  oH 

oe 


•  **  He  port  of  tlio  Central  Laboratory  of  the  Ttalinn  Customs^  Depart- 
mo  lit.  189 1  J  jtlao  Journ  Sor.  C/tem.  Indtti*tri/,  18I>U  p.  HDO. 

f  Joum,  aV   €/trm,  InduMnf,   lyUl,    p/y3G;  from  MiUk,  K^niff* 
r^9Ht/i9„  Berlin,  l«l»l,  p.  100.* 
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viscous  liquid  parses  through  a  tuVto  or  uriiict*  imder 
^nditions  of  temperiituro,  ti'c,  are  not  the  wiune  as  those 
obtaining  when  the  Htjuid  is  iisod  as  a  lubrica.nt  for  shafttriL,'. 
^^quickly  rotating  spindles,  axles,  and  the  like;  and,  eonsequentl), 
^Kh&t  the  figures  obtained  by  nieaiLi  of  nuch  testing  appliances  ai^ 
^Hunly  approximations  (and  not  idways 
^pdose  ones)  to  the  relative  values 
^*^of  the  substances  examined,  when 
practically  applied  for  lubricating 
purposes. 

Determination  of  Viscosity  in 
Absolute  Measure. -When  liquids 
Are  examined  possessing  a  compara- 
^ItiTely  low  degree  of  viscous  charac- 
^ter,  the  nite  of  How  through  a  narrow 
See  does  not  represent  the  true 
bjsical  **  viscosity,"  because  a  large 
Oft  ion  of  the  result  is  due  to 
'  pure  and  simple  without  any 
"shear  ;'*  accordingly,  when  a  com- 
■.ratively  long  narrow  accurately 
libra  ted  tube  is  made  U8e  of  as 
ihe  jet,  figures  are  obtained  not 
Iwuys  showing  close  agreement  ^ 
rith  thtise  yielded  by  the  ordinary  iig.  •_■ ,. 

brms  t*f  efflux  app^iratus.     Accord- 

Qg  to  mathematical  investigations  by  Poiseuille  ami  others,  tire 
efficient  of  friction  in  narrow  tul>i?s  is  given  by  the  formula 

rhere  n  is  the  coefficient  of  friction^  f  the  time  of  efflux,  r  the 
rjlume  of  fluid  discharged,  p  the  hydraulic  jiressui-e,  f  the  length 
nd  r  the  radios  of  the  capillary  tul>c,  and  .v  the  spec i he  gravity 
'  the  liquid.*  Starting  Inun  this,  E.  J.  Mills  has  made  stnne 
ueasurements  in  absolute  measure  of  the  coejlieients  of  friction 
[>r  various  liquids,  including  water,  and  sperm,  olive,  hird,  and 
tstor  oils.! 

On  the  C.G.8.  system  (eenthrietre,  gramme,  and  second  as  units 
riengtli,  majis,  and  time  respectively) Foiseuilles  formula  becomes 

=  ^^-^'.981. 
svl 

*  Hftgenhftch  arnve*  at  a  formula  involving  a  ncvoml  ri^rrn  in  .vlditiou  tt. 
'  it  given  by  l*oi*eaiU«— 


n  = 


wt 


2^  wit 


t  jQMra.  Sac,  Cktm,  Ind,,  ISSC,  p,  UH ;  abn,  IHST.  j'.  414, 
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where  v  is  given  in  cubic  rnilliTiiPtres,  ami  r,  A  and  p  in  milli- 
metres ;  from  tliis  foniuila  [Lml  his  experiiiiental  results,  Milli* 
deduces  the  folio  win '^  valui^s  at  \2^  i\:  — 


niMwriicni^Tfir.        Tftinettr^. 

Water  «1. 

Water,         ... 

?^perm  oil,   . 
0  ive  oil,     . 
LartI  oil, 
C:^ator  till,    . 

1  (MX) 
SH780 
ia)43 

mm 

I 

•011713                   1-00 

'0HS28                    5S*76 

M393                      97-27 

H]l2Hb                    139-03 

21721            j        1854*4        1 

Olivioiinly  the.se  relative  viscosity  values  are  verv  clissiuiilHr 
frooi  HchEbler  s  iiumhers  for  castor  and  olive  «iils  comparfHi  with 
water,  although  the  ratios  between  the  values  for  t!ie  oila  alone 
do    not    diflTer  so    widely    in   the  two  cases;   this  ehietiy  arises 


Fig    2th 

from  the  error  attachitiLC  to  the  viscosity  deterinination  in  tb* 
case  of  water  l>y  the  efflux  metlnpd  tljrou^^lt  a  jet,  as  conijmrcd 
with  the  true  value  throne;! i  a  long  narrow  tulie.* 

*  The  tletermi nations  «f  iili'^ijlute  *'  viscijsity  "*  values  of  suhitionw  of  gum 
relatively  to  water  mflde  hy  noting  th*?  tiriie«  requirefl  for  given  vohimifa  to 
p!i*i8  tUruugh  A  known  capillary  tube,  show  similar  diflereuoeH  when  comparcHi 
with  the  eorrcaprmdii^g  values  nhtaiiif*!  with  a  *'jut"  Rpparatnji,  ^lucli  a»  a 
bur^*tte  (riifr  paper  hy  S.  Ititlettl,  Jottrn,  Soc,  Chtim,  I/tti,^  IbJJJ,  p,  tUO), 


VISCOSIMETRY.  109 

Coefficient  of  Friction  in  Capillary  Tubes. — Traube  has 
constructed  an  arrangement  for  determining  with  considerable 
accuracy  and  speed  the  friction  coefficients  for  oils  and  other 
liquids  passing  through  capillary  tubes  under  pressure.  Fig.  26 
represents  this  apparatus.*  A  is  a  Marriotte  bottle  filled  with 
water,  which  serves  to  compress  air  in  the  reservoir  B,  and  to 
keep  the  pressure  constant ;  B  is  connected  by  means  of  a  pipe 
and  cock  to  the  efflux  apparatus  H,  consisting  of  the  bulb  G 
(provided  with  two  marks  to  permit  the  measurement  of  volume 
of  liquid  to  be  discharged)  and  the  capillary  tube  E.  The 
reservoir  B  is  filled  by  means  of  a  pump  attached  to  branch  and 
stopcock.  When  the  observatioiis  are  to  be  mtwle  at  temperatures 
above  that  of  the  atmosphere  a  suitiible  airbath  is  employed. 
When  required  to  be  cleaned,  ether  is  forced  through  the  tube. 
With  tul>*'s  of  different  diameters,  the  relative  times  observed  for 
water  and  oils  of  high  viscosities  are  not  identical ;  but  for  oils 
of  considerable  viscosity  the  differences  are  not  great ;  thus,  the 
following  figures  were  observed  with  a  cylinder  lubricating  oil 
and  with  olive  oil  as  compared  with  rape  seed  oil,  being  the 
respective  times  of  efflux  in  seconds  : — 


Diameter  of  tube  in  milli-  \ 
metres. 


Cylinder  oil, 
Rape  seed  oil, 
Olive  oil,  . 


lo  0-8  0-5 


15o-5  =  1000  i  472=100-0  t  2960=1000 

79-0=  508  I  242=  51-3  I  1503=  50S 

!  I 

71-7=  461  1  222=  470  I  1364=  461 


In  all  probability  the  conditions  existing  when  oil  is  forced 
throu;;h  a  capillary  tube  are  more  nearly  akin  to  those  obtaining 
with  a  film  of  oil  lying  between  a  shaft  and  its  journal  box  than 
are  those  subsisting  in  the  orrlinary  forms  of  <ffflux  viscosimeter ; 
an<l  hence  it  is  probable  that  the  results  of  valuations  on 
Traube's  system  would  be  valuable  as  determinations  more 
olo*^ly  approximating  to  the  actual  practical  lubricative  values. 
Traube *s  apparatus,  however,  is  far  less  convenient  for  ordinary 
lab<>ratr>ry  work  than  Redwood  s  or  Engler's  viscosimeter. 

•  Journ.  Soc.  Chem,  hid,,  1887,  p.  414. 
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§  3.  Chemical  Properties  of  Oils,  Fats, 
Batters,  and  Waxes. 


CHAPTEU  VI. 

PROXIMATE  CONSTITUENTS  AND  THE  METHODS  USED 
FOR  THEIR  EXAMINATION  AND  DETERMINATION. 


stlDC- J 

In      1 


Vkkv  tV'w,  if  any,  natural  ciils^  fats,  and  waxes  consist  fif  ««fi<* 
sHi^'ie  clicvMiital    wulkHtJinte ;    almost    invariably  two,   and  *4x»h\ 
many  m**i'e  cuiistitiients  are  prenent^  the  most  market!  distinC' 
tiiia   between  which  is  that  some  are  solid  at  the  ordiiiJiry 
|ieratyre    (when  obtained    separate),   others  licjuid  j    the   foi 
iiften  deposit  in  tho  solid  funn  on  chilling,  so  tliat  a  fluid 
when  chilled  ami  pressed,  yield.**  a  solid  Rn-adletl  **stearine' 
a  liquid  so  culled  ''oleine  "  *  as  first  proximate  const  it  uents^ 
shnihir  fasbian  semisolid  butters  and  hard  fats,  like  tallow,  can 
Ije  shown  U*  coiit^iin  a  solitl  and  a  liquid  constituent  iii  each  ca«^e, 
the  consistency  of   the   niaterial,    roughly   f^peiikin^yr,    dej^enuii 
simply  im  the  relative  pro|H>rtion8  of  tlie  two  suhstAnces.     ^\ 
'*  nleine "   largely  ])reflominates  tbe  Kubstance  is  an  oil;   wlieu 
'*  stearine,"   a  hard  fat  ;    and  when  the  two  are  in  intermediate 

*  The  teriUB   **  stcaritiu '*  and     '*oleine''    arc   pr&ctically  eniployful  in 
several  diflereiit  Beiiscs,  a  d  ream  stance  apt  to  lead  to  conai«lc 
fuBiou.     In  the  strict  chemical  sense,  ateariue  is  the  glyceriile  of 
CiiH.(OXisHniO);.,  aiul  oleinethe  Klycerido  of  oleic  acid.  C.,H5(0  ' 
but  in  the  oil  trade  generally  tbe  two  ternis  are  applied  tt»  mdi 
tivtfly  the  ts olid  and  Liquid  constituents  into  which  a  fat  or  chu 
Im  incchanically  aeparat'ocb  irrespective  of  the  actual  chemical  cululn>^iL^  a 
of  these  constituents  j  whilst  in  the  candle  manufacture  they  are  ust^'i  ti. 
■lenote  the  analo^fo:]^  solid  and   licjuid  fatty  acids  obtainable   r 
matters  by  saponltieatMin  and  mechanical  pressure,  &c.    Similar  ; 
free  fatty  acids  and  other  aubatances  are  also  obtainable  by  »uV'j^ 
dii^tiilatien  various  kinds  of  ^freaae  {f.«7..   Yorkshire  j^ease— Chap, 
when   these  arc  chilled   aod    preaaerl   they  are    f^eparable   into  aoU 
liquid   |jortiou8,  generally  dcsi^iatcd  a\s  ** distilled^*   tjtearine  and 
respectively.     In  the  present  work  the  pure  cbemicaL  triglyceriden  arc dil 
tinguished  by   the  termiual    *'in"   {^.g..  ^t^arin,   olein^  &c4  :   wiiilat  th\ 
Gonnnercial  articles  are  huUeated  by  names  ending  io  '*  ine"  C*:/-,  **  di/h 
tiilrtt  ^*  okine,    candlemakcra*   fitetirine,    otri/margartni i    &c. )«       In   sin" 
faaliion,   the    pure    cheiaieal    compound    C;iH:.(0M)3    is    referred    to 
••glycerol,'*  whilat  the  eoimnerciai  products  mainly  conaiatiDg  of  this  bodyJ 
but  in  a  varying  atate  of  pnrity,  are  diatinguiahed  as  glycaine  {vide  p*  $}* 
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jra  more  or  less  huttery  consistence  is  possessed  at  the 
tiperatiire  (ne^r  15*  C.) 
The  further  inve«ti*,'atk>n  of  the  solid  and  li quid  ermstituentft 
thus  obtainable  from  a  given  oil  or  fat :  of  tbt^  variations  in  their 
relative  pn>portioius  and  naturt-s  acc<irding  to  thu  soil  and  climate 
nd  otlier  conditions  under  which  the  plant  was  p-own  in  the 
of  ve^cetable  oils  or  butter,  or  the  species  anxl  hubilat  of  the 
^mmol  in  that  f»f  an  animal  oil  or  fat ;  of  the  effect  of  cultivation 
nd   dumeatication,  and   \anoas  similar   j^mint.s.    have    hitherto 
eived  but    little  attention.      There  ap])ears,   however,   tu  be 
reason  for  supposing  that  very  considerabk'  dirterence**  in 
relative  amounts  and  even  in   the  chemical   nature  of  the 
ious  constituents  of  a  i^iven  oil,  <kc.,  umy,  at  any  rate  in  .some 
be  brought  abcjut  by   such   causes;    thus,    very  diflfcrent 
Its  have   l>een   found    hy   \arious  experimenters  who   have 
lineil    different   samples  of  the  wame   kind  of  oil — e.ff.^   in 
cjise  of  arachis  tnl   (*j;roufiduut  oil),   where    several    succes- 
jive  chemists  have  succeeded  in  isulatiti^  con.siderable  amounts 
hypii^/a-u:  arid   for   the   purpose  of  ntuf lying  tliat    Nul>stance 
ad    itH  derivatives,  whilst    more    than  one  other   ehemist  has 
Dund    either   none   at   all,  or   practically   none,   in    the  oil    ex- 
ined   by  him ;   and    where,   moreover,   «ome    obser^  erw    have 
I>U]id  more  or  less  considerable  amounts  of  palmitic  acid,  and 
thern  none  at  all.     Similar  discrepwincies  in  the  results  obtained 
ditiferent  invest igat*>rs    have   been   noticed    iu  se\-eral  other 
stances,  thus  leading  to  the  conchiHion  that  )uark*d  dilTerences 
apt  to  exist  in  the  nature  of  oils  and  fats  prepared  from 
Jtc,  grown    under   different   condition s^  just   iis   is   well 
Inown  to  be  the  case  with  frtiit-s  and  otlier  vegetal *lc  produce,  as 
regards  the  saccharine  matter  and  other  coriHtitueiUs   present 
~ "berein.     Even  without  taking  into  account  these  natural  varia- 
bns,  ho'wever,  the  knowledge  at  present  exttirit  of  the  proximate 
[jnstituents  of  many  of  the  more  r-omnionly  t>ccurring  oily  and 
ttty  matters  ia  decifledly  scanty  ;  whilst  a  very  large  imndier  of 
lamilar  suljsitances  exist  (in  many  cases  of  great  lot'al  imptn'tuTice, 
ithough  not  always  matenals  largely  ex|>orted  or  importefl  or 
therwise  dealt  with  commercially)  concerning  the  genend  coui- 
sition  of  which  accurate  knowledge  is  hitherto  entirely  want- 
Many  such    products  promise  in   the  near  future  to   be 
iprirtant  artieles  of  trade,  as  soon  as  their  respective  values  for 
ticular  purposes*  are  hetter  ascertained,  and  the  best  means 
pted  of  extracting  and  refining  them  so  as  to  render 
ketable  ;  in  Central  and  f!!<nitlicrn  Africa,  and  in  many 
rparii^  of  the  woHd,  the  progress  of  eivilisutinu  is  cnntinually 
Dg  lo  bring  into  notice  new  protlucts  (jf  this  kind,  many  of 
only  require  attention  being  calle<^l  to  them  to  demonstrate 
'  cuminercial  value. 
Tlie  separation  from  one  another  of  the  diflerent  glycerides, 
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itc,  coTitaiiied  in  n  fjiven  *'ateanne"  or  **o1eine"  is,  in  mo^t 
caseFj,  H  very  dirtieult.  pmbletn,  mure  especially  if  ret|«ire*l  tti  be 
performed  in  sueh  a  fitwhiun  as  h>  giveun  approxinvrite  ideaof  the 
relrittve  ]>rnj:K^>rticiTi.s  in  vvhk-h  tliey  are  ])reseivt.  As  a  rule^  the 
r>ertt  resultH  are  obtained  \yy  sapcjiufying  the  mixture,  and 
apply in«;  iiieth(Kls  fnr  the  sejiaration  of  the  resulting  fatty  ucid«i 
either  Ijy  iiieehariical  jneann  (chilling  and  pressing  out  th« 
inure  liquid  ptrtions)  or  by  chemical  processes.  For  example, 
the  lead  salt  of  oleie  aeitl  is  soluble  in  t*ther,  whilst  lead  stearate, 
palinit-iiti\  *.te.,  are  practically  insukdile  in  that  medium  :  so  that 
hy  converting'  intu  lead  salts  the  mixture  of  free  fatty  acids 
oittai ned  on  saj>imjficaiion  and  acidulalion,  and  treating  the  mix- 
ture with  ether^  a  jmrtial  separation  may  be  effected*  le«wl  oleate 
witli  compiLratively  small  unantities  of  stearate,  palmitate.  ttc, 
heing  dissolved  nuU  and  lead  stearate,  pahniiate,  tire,  with  small 
quantities  of  adhering  oleate  being  left.  AVith  a  mixture  of  solid 
fatty  acids  (palmitic,  stearic,  arachic,  etc.),  frHctirntal  crystallisa- 
tion from  alcohol  of  the  mixed  free  acids;  fractional  precipitation 
as  insoluble  salts  (of  lead,  magnesium,  tt*c.) ;  fractional  crvsrtal- 
liHiition  of  certain  salts  (^m/.,  magnesium  salt)  front  alcohol  i>r  other 
appropriate  menstruum  ;  and  sinular  processes  are  ai»pltc4di)e  in 
\ariotis  eases;  but  the  ecnnplete  examination  of  mixtures  f  if  fatty 
acids  in  this  way  is  so  lalxirious,  that  it  has  been  thor*»ughly 
carrie<l  i*ut  in  but  very  few  instances.  In  the  cane  *.tf^  fruetioniJ 
precipitation,  as  a  general  rule,  the  acid  of  higher  moleeuiar 
weight  precipitates  first:  thus,  with  a  mixture  of  aracliie,  stearic, 
and  palmitic  acids  iji  approximately  ef|ual  proportions,  precipi- 
tated as  salts  in  several  fracti<ms,  the  fjtst  fra<.;tiioi  will  lie 
<.'hi«»tly  a  salt  of  aracbic  acid,  and  the  last  wid  contain  little 
I  resides  pal  nutate. 

Some  oils  and  fats  contain  appreciublr  tpiantities  uf  ihe 
glyeerides  rif  acids  of  sutticiently  low  nujlecnhir  wf^ight  to  l>e 
volatile  ah>ng  with  the  vapnn'  uf  water  at  the  ordinary  atmo- 
spheric pressure.  In  such  a  case,  after  sajumificatinn  and  acidula- 
tion,  an  aci*l  rlistillate  is  obtainable  by  boiling;  preferably  by 
blowing  thi-ough  the  imiss  a  current  of  steam  from  a  suitable 
generator.  The  weakly  acid  atjuerms  tluid  may  then  be  neutralised 
with  an  alkali,  evaporated  to  it  small  bulk*  ami  deeomjw>sed  by  a 
mineral  aciri  ;  i»r  converted  into  silver  or  barium  salts,  6:c.,  and 
further  examineil  If  more  than  one  vohitile  acid  Iw  jiresent^  a 
separation  may  often  be  effected  by  fj^H'tional  jirecipitation  aA 
silver  salt,  ttc, ;  or  emiugh  mineral  acitl  may  J>e  addetl  to  liberate 
a  fract  on  of  the  tot^ti  organic  acidsi  from  the  evaponited  solution 
of  alkaline  salts,  and  the  distillation  repeated  :  the  ai'iti  «if  io'wesl 
molecular  weight  will  then  puss  ipver.  Dy  similarly  lilieratiug 
successive  fractions  and  distilling  altenuitely,  a  series  of  distillates 
will  l*e  obtained,  the  acids  uf  higher  molecular  weight  Ijcnng 
oontainecl  in  the  respective  later  fractions  (Licbig)» 
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When  a  mixture  of  acids  volatile  with  steam  caiid  uthers  not 
vutatile  therewith  is  present,  if,  instead  of  hlciwing  steam  throu^di 
the  whole  mass,  the  irisolulile  fatty  acid.s  f>e  allowed  tt>  Hcjat  uj> 
in  a  fused  condititm^  and  are  tlieii  removed  (after  cooliri*^  amJ 
solidifying),  the  remainiiii(  aqueous  liquor  is  oft^L'n  found  to 
yield  jierceptibly  less  vt»lati!e  acid,  a  portion  haviu;^  heeu  dis- 
solved hy  the  insoluble  aeid>.,  much  as  ether  dis.Holves  tait  various 
substances  from  ar|ueous  snlution  when  agitated  therewith,  lu 
crinaequence  of  this^  it  h  often  im]io.ssible  to  oljLain  a  c< instant 
weight  of  the  insoluble  fatty  adds  tlms  obtaiued  on  drying  at 
100',  unless  they  have  lieen  repeateKlly  treateil  with  boilirii^  water, 
so  as  to  remove  soluble  <jun8titueuts  {ri*if!  Ciiap,  viik,  "  llehner 
Number**);  otherwine,  the  small  r|uantity  of  volatile  acid  pre^jeut 
slowly  evaporates,  lepving  n  continual  small  loss.  In  Home  cases, 
this  Ijy  and  by  becomes  balanced  by  gain  in  weight  through 
oxidation  (by  spontaneous  a])sorption  of  oxygen  froui  the  air), 
ami  later  on  stili  the  gain  fnmi  this  cause  predominates. 

By  ineaTis  of  superheated  steam  ihe  fatty  acids  of  Iiigher 
molecular  weight  uiay  W  pretty  readily  ilistilled ;  Imt  atiy- 
thing  like  a  tnjuiplet*  separation  uf  closely  related  homologous 
acicLs  (e.^.,  niyristie^  pabnitic,  and  stearic  acids)  in  this  way  by 
pri>c&sse.*i  of  fnictional  distillation  is  ibfficult,  if  not  impossible; 
and  the  Jiame  remark  applies  U*  ilistilhition  under  greatly  dimin- 
ished pressure  (in  a  partial  vacuum).  In  some  cikses  fractional 
saturation  with  alkali,  ttc,  uf  a  mixture  of  acids  will  cause  a  more 
or  leas  complete  separation,  mw  cfmd)ining  with  the  base  to  the 
exclusion  of  the  other:  more  often  the  Iwist?  iK^cornes  sbaretl  between 
the  two  in  proportions  dependidg  on  the  relative  masses  present. 
ThU3^  Thum  found  *  that  when  a  mixture  of  espial  weights  of 
stearic  and  oleic  ficicls  is  dissolved  iJi  hot  alcohol  and  treated 
with  a  ({uantity  of  alcoliolie  potfisb  sutlicient  t/<i  saturate  only 
one  half  nf  the  total  acids,  a  mixed  soap  is  obtained,  which  (whoi 
sejianited  frnni  the  uncombined  excess  of  fatty  acids  by  means  of 
petroleum  ether)  consists  substantially  of  et[ual  quantities  of 
ix>ta.<^sium  stearate  and  fdeate  ;  the  free  acids  similarly  consisting 
of  stearic  anil  oleic  acids  in  sensibly  the  same  pro]>ortion.t 

kA  good  tleal  still  remains  to  be  done  in  the  case  of  a  ermsid- 
kVjle  Jiumber  of  vegeUable  oils  in  the  way  of  identifying  and 
quantitati V el V  estimating  their  various  proximate  constituents: 
ami  much  the  siime  rennuks  apply  in  certain  animal  oils,  more 
e%fie«cially  "train  oils"  from  marine  cetaceans,  oh  regai^ils  not 
Jy  the  acid^s  pre^ient  but  also  the  alcoholiforui   conatituents  ; 


I 


A  similar  state  of  matters  is  l»^J^,t;rved  wlien  a  given  fiitty  aciU  acts  on 
lixture  of  caustic  (loUsh  and  caustic  smln  ;  )»oth  pot[Lsb  and  Boda  Boiips 
resalt  in  proportiona  ten*ib1y  near  tn  those  Iti  which  the  twc»  alktilics  are 
prevent  ia  the  mixture  i  and  nut  fine  kind  of  soap  to  the  exclusioa  uf  the 
other  {i^€  Chftpv  xxi.) 
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cert^ii 
of  compuuiul  ethers  of  iif>ri-,i^lyt'eridiL-  rharacter,  ' 
sa|x*Tuticuti an  acids  mo8tly  of  the  pleit;  fauiily,  and  tis  crmiplf- 
mentary  products,  alcohols  of  muderat'ely  high  molecular  weight 
(«.(/.,  flodfxati/Iv*  fdeolio/^  0|.>H,i^>O,  from  Doegliiig  oil),  the  ctJinpleie 
investigation  of  the  prnducts  thuH  formed  has  \yeen  attempted 
in  very  few  instances  indeed,  antl  much  ntill  remains  to  he  done 
in  this  tield  ;  it  appears^  however,  that  besides  alcoholn  of  the 
ethylic  series,  others  t>f  a  non-sjitu rated  character  are  also  present 
in  some  of  these  oils,  as  the  alcoholiforni  eonatitttents  extracted 
are  in  many  cases  Cfipahle  of  coinhining  with  iodine,  leading  t<> 
the  conclusion  that  higher  acrylic  alcohols  are  also  contained 
oiimpound  ethci^  in  addition  to  cetylic  alcciliol  homolognes. 

Free  Fatty  Acids  and  Higher  Alcohols  contained 
Ifatural  Oils  and  Fats,  &c,^l)wing  tu  the  presence  of  mucila- 
ginous, albiinunons,  or  gelatintjns  matters  in  most  crude  vegetable 
CM  Is  expressed  from  seeds,  or  animal  fats  and  oils  oVitained  from 
animal  tissues,  it  generally  happens  that  a  perceptible  amotrnt 
nf  hydrolysis  of  glyeerides  is  hrought  alxiut  in  the  prooesis  of 
extraction,  tlue  to  the  iritlueiice  of  these  substances  and  the 
fermentative  changes  rapidly  undergone  hy  them  ;  even  when 
solvents  {such  as  light  jictroleum  oil,  carbon  disulphide,  or  etherj 
are  used  for  the  isuhition  of  the  oil,  etc.,  it  not  unfrerjuently 
happens  that  measurable  amounts  of  free  fatty  acids  are  coo- 
tain  ed  in  the  prtxluct  obtaim^d  ;  leading  to  the  conclusion  that 
liydrolytic  at!tions  naturally  take  place  to  a  greater  or  lesser 
extent  in  the  seeds,  tissues,  (tc,  during  crushing  and  analogoi 
(iperations,  or  even  on  simply  keeping,  so  that  small  iiuanti 
of  free  acids  are  practically  always  present  in  tlie  natui 
jirodiicts  as  obtained  on  a  manufacturing  scale  from  the 
after  deatli,  or  frooi  the  seed  after  detaching  from  the  plant,' 
even  when  not  normally  present  in  the  living  animal  or 
growing  vegetable.  The  extent  tn  which  actions  of  this  soJl 
take  place  is  extremely  variable;  in  general  the  *' cold  drawn" 
oils  expressed  from  seeds,  and  the  corresponding  first  ruunlugB 
froni  fresh  fish  livers,  and  the  more  lii|uid  **  oleomargarine," 
nbtainetl  by  the  actif>ri  of  gentle  heat  on  animal  fats,  contain 
much  smaller  propoiiions  nf  free  fatty  acids  than  the  later 
fractions  obtdned  i*y  subset  pi  en  t  hot  pressing  and  analogous 
uperations  ;  whilst  in  the  ease  nf  vegetjdile  oils  the  maximum 
amounts  of  free  tatty  acids  are  contained  in  the  oils  exti-aotefi 
by^  siklveots  from  cnleakes,  and  in  those  obtained  from  vegetable 
pulps  (pounded  nuts,  crushed  olives,  and  such  like)  by^  heating 
with  water  so  that  oUy  matter  Ihsats  up,  separated  hy^  skimming — 
i,e,,  in  those  cases  where  contact  with  ferment ible  matters  has 
l>een  most  intimate  and  prolor^ged.  Thus,  the  following  ftgiLTCs 
were  obtained  liy  Noerdlingei,^'  the  total  fatty  nuitter  beitt^ 
*  Journ^^^at,  Chem.  Ind.,  J  890,  p.  422,  from  Ztif  .  Ant^*  Ch<m.,  2!>,  pw  0w 
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extracted  from  the  seeds  by  means  of  light  petroleum  spirit,  .and 
the  free  &tty  acid  (determined  by  titration  with  phenolphthalein 
as  indicator)  reckoned  as  oleic  acid  (vide  p.  117)  : — 


10)  ParU  contain 


IHU. 


RM>e  {Brwuica  rapa)^ 
Cabbage  [B,  campe^ris)^  . 
Poppy  {Papaver  gomniferum),  . 
Earthnut  {ArachU    hyjpofj(ra)  \ 

seed,     ....         I 
Earthnut  {Artichin    hypogfta)\ 

outside  pale  hnsk,  j 

Sesam^  {Setamum  orientaU\     . 
Castor  {Riciniu  commwiU), 
Palmnut      {JSfcM      guin^jiMts)  \ 

containinfir  6  per  cent,  husks,  J 
Cokcmut  (Cocos  nvci/era). 


Oil  CAkes. 


Rape, 
Poppy,  . 
Eartimut, 
SesamCs  . 
Palmnut,  . 
Cokemat, 
Linseed,  . 
Castor,      . 


Frer  F»tty 
AciUa. 


0-42 
0-32 
:V20 

1-01 

1-91 

2-21 
1  21 

419 

2-98 


0  93 
5«6 
1-4-2 
615 
1-47 

0-75 
1-27 


Total  Fat. 


.37-75 
41-22 
46-90 

40  09 

4-43 

51  -59 
46.32 

49  16 

67-40 


8-81 

9-63 

7*65 

15-44 

10.39 

1311 

8-81 

6  53 


Free  Fattj 

Aoidn  Reckoned 

lier  100  of  Total 

Fat. 


110 
0-77 
6-66 

415 

4310 

4-59 
2-52 

8-53 

4*42 


10-55 
58-89 
18-62 
40-29 
14-28 
10-51 
9-75 
20  07 


Obviously,  when  oil  contains  any  considerable  quantity  of  free 
fatty  acids  the  use  of  alkaline  refining  processes  (Chap,  xi.)  is  apt 
to  lead  to  a  considerable  diminution  in  the  cjuantity  of  refined 
product  obtained,  as  compared  with  the  raw  material  employed, 
because  the  free  fatty  acids  are  removed  in  the  form  of  soaps,  the 
production  of  which,  moreover,  often  leads  to  further  loss  by 
the  mechanical  entangling  of  "  neutral "  oil  in  the  saponaceous 
*^  foots." 

The  presence  of  free  fatty  acids  in  any  quantity  in  most 
kinds  of  oils  is  detrimental  to  their  value,  more  especially  in 
reference  to  certain  applications.  Thus,  in  the  case  of  lubricating 
oilg,  corrosion  of  bearings,  »kc.,  is  more  apt  to  ])e  brought  about 
when  free  fatty  acids  are  present  than  when  the  oil  is  pnictically 
free  therefrom ;  and  hence  in  such  cases  alkaline  refining  pro- 
cesses will  often  give  a  superior  result,  the  more  so  that  acid 
processes  are  apt  to  communicate  to  oil  refined  thereby  traces  of 
mineral  acid,  the  corrosive  action  of  which  is  still  more  marked. 
This  is  notably  the  case  with  oils  intended  for  wool  spinning  and 
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analogous  piirpises,  Colzii  nil  c^mtiiining  much  free  fatty  acids 
burns  lenn  freely,  unci  is  ini>re  apt  to  cliar  tlie  wick  than  oom- 
jHimtively  neutral  (lil.  On  the  other  hand,  the  Uu^te  of  olive  oil 
in  said  U)  he  cunniderably  improved  hy  the  preaencf*  therein  of 
Htnall  qiiantitieH  of  free  acids  ;  whilst  lar^jely  hydrolysed  oik 
(fttfUes  tofirfinnfp^)  are  intentionally  prepared  for  certain  special 
purposes  in  the  textile  and  flyeinif  industries. 

In  the  ease  of  hlublier  oils  largely  consisting  of  the  cotnpouml 
ethers  of  liigher  monat'oniic  filcohols  of  the  ethylic  series,  th«" 
hydrolytic  actions  taking  place  during  nt+jrage  lie  [ore  and  after 
extraction,  and  whilst  the  *' rendering"  is  taking  place,  lead  U* 
another  result — viz.,  that  cetylic  alcohol  and  analogcms  Viodie,^  are 
largely  containe<l  in  the  tills  ultimately  ohtainetl  ;  thus,  from  30 
to  40  percent.,  ami  sometimes  more,  of  so-called  **unsafKmifiable 
matter'' is  fret|uently  found  to  Ir*  present  in  spenn  and  other 
l)lulil>i^r  i>ilH,  chieliy  conHiHting  of  aleoholifonn  pifniucts  of 
hydrolytic  actions  of  this  description.  Similar  remarks  appi)' 
to  Ix'eswax,  ami  to  the  various  vegetJible  waxes  of  analogous 
constitution  ;  Hgures  are  fin  record,  obtained  by  various  analysts, 
indicating  m  extreme  cases  that  from  h  to  ^  of  the  original 
compound  ethers  Im^'c  l>een  hydrolysed  by  ivctions  of  this 
description,  either  occurring  natundly  during  ntonigc,  or  in  con- 
set[ue:ice  of  the  processes  ad*>pted  in  preparing  the  raWmaterial. 
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The  most  accurate  pn^cess  for  tletermining  the  amount  of 
acids  contained  in  a  given  sample  of  oil  or  fat,  consists  in  agitat 
it  witli  warm  alcohol,  and  dropjung  in  a  standard  alkatine  solu- 
tion (preferably  alcoholic)  until  a  pemiHlent  pink  coloration 
appears  after  continued  agitaticm,  phenolphthalein  lieing  the 
indicator;  the  temperatui^e  must  be  higli  enough  to  render  the 
fet  perfectly  lluid.  Or  the  oil  may  lie  dissolved  in  cold  ether, 
mixed  with  a  little  alcohol,  and  the  Holution  titrated  witli 
standard  alcoholic  alkali.  If  the  mean  equivalent  weight  of 
the  free  fatty  fields  is  known  (or  assumed)  to  be  E,  the  pro- 
portion of  fatty  acids  jn  the  free  state  is  given  by  the  formula, 

X  =  L^J»  X  100, 
w 

where  i/?  is  the  weight  in  milligrammes  of  material  t*Lken  for 
examination,  n  the  number  of  c.c.  of  normal  alkali  used,*  and 
X  the  weight  of  free  fatty  acids  contained  in  100  parts  of  &n\y 
stance  t/^rrenfaffe  o/ jWe  Jnfft/  ffciW*) ;  for  since   1  c,e.  of  iiomuil 

*  If  Beniinormal   (or  ileeinornuU)  alkali  he  uaetb   the   value  of   n   will 
obvioittly  he  i  (or  ^o)  <^f  ^^'^  nmubcr  of  c.c.  iiaed,  and  no  %  n. 
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alkali  represents  E  railligrarames  of  fatty  acids,  the  total  weight 
of  acids  contained  in    w  niilligramines  of  substfince   is  n  x   E 

niilligrammes,  whence  100  parts  of  substance  contain x  100 

jjarts  of  free  fatty  acids. 

In  many  instances  the  value  of  E  is  not  known  accurately, 
and  in  such  cases  it  is  more  convenient  to  express  the  amount 
of  fatty  Jicids  in  terms  of  the  alkali  neutralised.  This  may  be 
clone  with  respect  to  100  parts  of  original  substance,  thus  giving 
the  j)ercentaye  of  potash  (or  soda)  neutralised,  jiccording  to  the 
alkali  employed ;  but  a  more  usual  practice  is  to  express  the 
value  relatively  to  1,000  parts  of  original  substance,  potash 
(caustic  potash,  KOH,  equivalent  5Glj,  being  selected  as  the 
alkali,  thus  giving  tlie  permillaf/e  of  potaah  neutraliHed,  con- 
veniently referred  to  as  the  "free  acidity  potash  perniillage,'  or 
"free  acid  neutralsation  number/'  or,  more  shortly,  as  the  "free 

acid  number,''  and  expressed  by  the  value        x  56,100.* 

Thus,  suppose  that  10  grammes  (10,000  milligrammes)  of  palm 
butter  neutralise  8  c.c.  of  seminormal  alkali,  equivalent  to 
4*0  c.c.  of  normal  alkali ;  since  1  c.c.  of  normal  alkali  corre- 
sponds with  56-1  milligrammes  of  KOH,  and  with  256  milli- 
grammes of  palmitic  acid  {i.e.,  E  =  -'^6;,  the  result  may  be  stated 
by  saying  that  the   "  free  acidity  potash   permillage  '  or  "  free 

acid  number  "  is  ,  a  Afiii  ^  ^^>1^^  =  22-44 ;  or  it  may  be  expressed  in 
terms  of  percentage  of  palmitic  acid  by  saying  that  the  substance 

4*0  X  256 
contains  free  acids  jointly  equivalent  to      ^(\r^(^r^       '   100=-  10*24 

pf»r  cent,  of  palmitic  acid. 

When  only  small  quantities  of  free  acid  are  piesent,  and 
extremely  sharp  valuations  are  desired,  somewhat  large  quantities 
of  material  should  be  taken  for  the  determination  ;  20  or  25 
grammes,  or  even  more.  A  less  accurate  method  of  determining 
free  fisitty  acids  consists  in  shaking  up  the  oil,  <kc.,  with  alcohol, 
allowing  to  stand,  separating  a  known  fraction  of  the  alcoholic 
fiuid,  and  titrating  with  standard  alkali  ;  the  result  is  apt  to  be 
somewhat  too  low  on  account  of  incomplete  solution  of  all  free 
acid  by  the  alcohol. 

£n  some  natural  oils  {e.g.,  unrefined  cotton  secnl  oil)  substances 
are  present  of  an  acid  character,  although  not  belonging  to  the 

*  Since  1  c.c.  of  mirmal  alkali  represents  56*1  inilligrammes  of  KOH,  n  c.c. 
represent  n  x  5t>'l  milligrammes :  theu  if  A  be  the  free  acid  number  as 
abKive  detinedi 

w:n  X  56*1  :  :  1,000  :  A 

whence  A  =  -  x  .>6,100. 
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ordinary  fattv  acid  .serios,  l>ut  miire  reseiiiyiiii;  the  iwida  of  ym 
resin  ;  these  substances  neutralise  alkali  {plienulphthaleiii  WiniT 
tlio  indicat^ir),  and  are  coTi«et[ueut[y  included  in  the  t4jt;4l  r>f -^frrf 
tatty  acids "  determined  hy  titration.  OcciLsioualJy  ordimkn 
rnsin  {colophony)  is  inteiititmally  added  to  oils  or  the  fatty  aci^i* 
thence  derived,  either  as  an  adulterant  or  for  sjieeial  reasons— 
1*.^,^  in  the  manufacture  of  Home  kinds  of  waggon  grease  »n»l 
** yellow  *'  soap.  For  the  methods  used  in  determining  the  amount 
t if  resin  present  in  iiuch  cases,  ridr  Chap,  xxi. 

When  it  is  required  to  separate  the  free  fjitty  acids  from  the 
neutral  fat»  this  is  readily  accKTnpIi.shed  by  adding;  alcobolii* 
alkali  until  just  neutral  to  plienolphthaleitjj  diluting  with  water, 
/uid  acjitatini:  with  ether,  or  hettt*r,  with  liglit  f»etroleu!n  spirit* 
The  ethereal  liquid  on  evaporatiiju  leaves  the  neutral  fkttT 
matter^  which  can  he  weighed  and  further  examined  as  desirwl:  l 
the  iiqueous  tluid  is  acidulated  and  shaken  with  petn»leum  spiril. 
*1'C,,  whereljy  the  free  iatty  acids  are  similarly  obtained.  _J 

If  mucilaiiinuus  matter,  X-c.,  is  also  present,  the  oil  may  be 
<;ronnd  up  in  a  dish  with  half  its  weight  of  solid  sixJium  CJir* 
lw>nate  and  as  much  water,  and  dried  t>n  the  waterlwth  ;  tW 
residue  is  again  stirred  np  with  cuarsely  powdered  puinic**" 
stone^  and  exhausted  with  ether  containing  no  alcohol,  whereby 
the  neutml  fat  is  dissolved  out,  Tiie  residue  is  exhaostc^d  witb 
hot  alcohol,  and  the  resulting  soap  solution  evaporated  and 
decomposed  by  a  mineral  acid,  so  as  to  obtjiin  the  free  fatty 
ivcids,  originally  present  as  such,  free  from  the  other  coastituenU. 
Or  the  fat,  ttc,  may  be  treated  witli  ether^  carlion  disulphide,  tir 
other  solvent ;  by  filtering  thrtmgh  a  weighwi  filter  and  washing 
the  insoluble  matter  thoruughly,  the  mucilage,  etc.,  is  obtained, 
whilst  the  filtrate  may  be  evapmtted,  and  the  resulting  uuxtnre 
<if  neutral  fat  and  free  fatty  acid  fiirtlier  examined  as  retjuired. 

Burstyn'a  Method.— A  physical  metho<l  of  appri»ximately 
determining  the  amourjt  of  free  acid  contained  in  oil  (mora 
especially  olive  oil)  has  been  devised  by  Bursty nt  for  use  i 
causes  where  titration  by  c^hemical  means  is  ijiconvenient  «i 
iaipracticablc.  100  l-.c.  uf  tlie  oil  to  Ije  tested  are  place*!  in  A 
st4>ppered  cylinder  capable  of  hnlding  200  cc;  this  in  then  iUIeet 
up  to  the  mark  with  alcohol  of  SS  to  90  per  cent.,  tuid  the  whol 
well  shaken,  and  alloweii  to  stand  two  or  three  hours*  The  idcohol! 
iloats  up*  having  dissolved  out  most  t>f  the  fatty  acids  together 
with  a  minute  amount  of  oil  ;  the  increase  in  specific  gravity  ia. 
determined  by  testing  the  upper  layer  with  a  highly  delicate 
arreometer.  a  similar  cylimler  of  the  originrd  alcohol  used  being 
simultaneously  eKaiiiined  side  by  .side.     By  the  aid  of  a  tablo 

•  la  presence?  of  alcohol  ether  is  apt  to  take  up  Into  aotnticm  flmilt 
quaiititiea  of  .soap.  a,s  well  ous  neutral  hit. 

f  Dinffltr^s  Potyt.  Journal^  ccxvii.,  p.  314:  also  Journal  Ckctiw  Soc*, 
vol.  i.  (1S76),  p.  7t>a 
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he  Arhount  of  free  fatty  acid  is  cleducetl  from  the  iuereuient  in 
pL'ific  gravity  indicfited,  the  table  being  so  cniistructecl  as  to 
lluw  far  the  sulubility  iu  aleciliol  of  the  neutml  oil,  itc.  Apart 
•»-»iii  the  error  introduced  by  the  possible  prenence  of  varying 
jkniounts  of  phytosteroh  or  other  vegetable  substances  more  or 
soluble  in  alcohol,  a  very  slight  difference  in  tcmpeniturc 
etween  the  vessels  containing  the  alcoholic  oil  solution  and  the 
jrnre  alcohol  U!*ed  for  comparison  produces  a  great  effect  on  tho 
[result.  The  table  is  usually  arranged  so  as  to  ,show  the  number 
^oi  "  Bursty u  degrees'^  of  free  acid — i.e.^  the  number  of  c.c»  of 
:>rnial  alkali  neutralised  by  the  free  acid  contained  in  100  c,c- 
|of  the  f>il  examined.  "One  flegree"  conRnjueotly  represents 
y2S2  gramme  of  oleic  acid  per  100  c.c,  or  clnsie  tt>  0"^)  fier  cent. 
by  weight. 


DETERMINATION  OF  UNSAPONIFIABLE 
CONSTITUENTS. 

The  unsaponifiable  matters  contained  in  many  oils  and  fats 

to  the  extent  of  a  few  tenths  per  cent.,  are  most  conveniently  dc- 

[tennined  by  saponifying  the  oil  with  alcoholic  alkali,  evajtorating 

[>ff  the  spirit,  and  dissolving  out  matters  soluble  in  wueh  solvents 

ether,  chloroform,  carbon  disulphide,  light  petroleum  spirit, 

either  by  mean.s  of  an  extradition  arrangement,  such  as  tlie 

;>xhlet  apparatus  descril>ed  in  Chap.  IX,,  or  by  ad<hng  water  and 

S^itating  with  the  solvent.      Ether  freijnently  dissolves  a  small 

Eicmnt  of  soap ;    on    the   other    hand,   small    (juantities   of  oil 

escape  saponification,  and  are  thus  extraeterl ;  so  that  it 

Iways  preferable  to  boil  a  second  time  wiili  alcoholic  alkali 

Jie  re^iidue  left  on  evaporating  olf  the  solvent,  and  repeat  the 

ttraction  pmcess  with  the  product*     The  extraction  liy  means 

:)f  a  Soxhiet  arrangement  is  generally  fitcilitated  by  placing  some 

nd  or  p<iwderetl  pumice-stone  in   the  evaporating  vessel  em- 

iloyed,  and  rubbing  up  therewith  the  residtjal  soap  left  after 

atiiig  off  the  alcohol ;  the  solvent  thus  obtains  more  easy 

to  the  matters  to  be  dissolved  out,  and  the  operation  in 

PCted  moi*e  ijuickly  and  thoruuLrbly. 

the  analysis  of  soips  simihir  methods  are  often  employed  ; 
lie  «oap  t«»  be  tested  is  reduced  tn  thin  shavings  which  are 
lien  cautiously  dried,  first  at  a  comparatively  low  tempemture 
(r>0'-60'  C),  later  on  at  steam  heat  or  a  Httle  above,  so  as  t*> 
Irive  off  all  moisture  without  fusing  the  mass.  The  dried 
Havings,  coarsely  powdered,  are  packed  in  the  Soxhiet  tube 
fid  exhausted  with  solvent,  p^refi^rably  light  petroleum  ether ; 
In  this  wjiy  unsaponified  fat  contained  in  the  sr»ap,  cholesterol 
nd  analogous  substances  derived  from  the  oils  and  fata  em- 
ployed, wtuty  matter  or  hydrocarbons  (^.y.,  paraiiin  oil)  added  to 
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the  sofip,  or  contained  in  the  materials  (**./^.,  in  liiKtilled  aleim)t 
and  Hiniilar  constituents  are  all  dissolved  out,  giving  a  solution, 
the  residue  left  on  evaporation  of  which  is  further  eKHmiued; 
whilst  the  piiritied  soap  is  also  sulijected  to  analysis. 

The  nuKliheaticni  of  Soxhlet's  extraction  ap^iaratua  describe 
liy  Honig  and  Spitz  {Chap,  1X.)»  is  rjften  very  convenient  for  dis- 
solving Miit  the  unsaponitiahle  eoiistituents  soluble  in  ether,  H^bt 
petn ileum  spirit,  tlf.,  after  lieiiting  with  excess  of  alcoholic  alkali, 
evaporatiftf;  off  the  spirit,  and  dissolving  in  a  minimum  of  water. 
The  use  of  [wtrolcnnn  sfiirit  is  preferal>le,  as  although  it  oftett 
dissolves  out  a  lit  tie  soap  (thcnifjh  usually  less  than  ether),  this 
may  Ije  re-Khly  removed  hy  a^ntating  with  a  mixture  of  equal 
i|nantities  of  aletihol  and  water  (50  per  cent,  spirit),  when  thf 
lM?troleum  solution  free  fiTini  soaj"  fli»ats  up.  Moret^ver,  ethereal 
1  i « pi i d s  II f t e n  fur n i  f r » it h s  t h at  rem ai n  | ♦e rm anen t 
jV^^  without   sejMirating    properly    for    many    hours 

jlf  Ir^^     **^'  even  days  ;  petrtjleum  spirit  is  less  liable  k* 
nr  this  inconvenience. 

[j  In  cases  where  a  portion  only  of  the  etherejil 

or  other  solution  is  intended  to  lie  drawn  off, 
this  is  readily  etieoted  by  running  the  E^iotutioa 
luid  wiitery  ihud  into  a  gniduated  vessel,  into 
the  mouth  of  which  a  doubly  j>erforated  ciL»rk  is 
fitted,  with  a  washlmt tie  like  airangenient  of 
tubes  (Pig.  -7,  t'hattaway).  The  upper  and 
lower  levels  of  the  ethereal  liquid  l>eing  read  off* 
the  curk  and  tubes  are  insert ed^  and  air  blown 
in  so  as  to  force  out  some  of  the  ethereal  boIu- 
tion  into  ji  weight»<l  dish  in  which  it  is  sub- 
sequently evaporated,  the  (juantity  thus  dniwn 
off  being  known  liy  withdrawing  the  tube.s  ami 
leailing  tdf  the  tlifferenec  of  level  of  the  top  of 
the  ether  stratum.  When  sharp  results  are  re- 
tjuired, about  W  t*>**'j per  cent.  <*f  the  ether  should 
thus  1m>  withdrawn^  and  ihe  reniiainder  dilnteci,  sjiy  tenfold,  by  add- 
ing more  ether;  the  bulk  of  tins  is  similarly  forced  out,  so  that  the 
remaining  ether  only  represents  a  small  j>ercenlage  of  the  orij^tial 
ethereal  .solution.  Thus,  suppose  that  the  original  ethereal  fluid 
mcfisures  5tS  c»e.,  of  which  52  are  removed  by  the  first  blowing: 
out,  leaving  ^.  This  is  diluted  to  iH  and  another  50  c.e.  blown 
out,  leaving   10  of  the  more  tliiuti'  liipud,  representing   1   of  llie 

origtoid    solution,    or    I    x  ^--  =  172  per  cent,  therout     Then 

100  1-72  =  98'2K  per  cent,  of  the  original  solution  has  l>eea 
blown  offj  so  that  tlie  weight  of  the  residue  obiaine*!  therefrom 

,1  .        58        100 

by  evaporation  must  bo  increased  in  the  proportion   j^  =  ux^os"* 

Oils,  Jtc.,   adulterated   with   any   considerable   proportion  of 
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liydrticarfxiiis    (jmniffin,    i^M^triileiiiii,    rosin    nil,    ti-c),    or   similar 

hiiTLtures  intentkmally  prepared  fur  lubricating  purposes,  Jcc,  are 

■ftsilj  separated  by  tfie  a!>ove  treatment  :  wlien  the  fatty  fields 

Contained  in   the  sivj^Minifinble  txjriHtituentH  are  re(|uired    t^>    be 

further  examined,  they  are  readily  isolated  liy  diKsolvinjtT  in  ]iot 

rat-er  the  soap  thus  freed   fvnm   liyrlrofarlMJiis,  and  aeidulating 

rith  a  mineral  acid. 

Blublier  oils  etmtainin*^  the  ^^d^yeerides  of  hi^^ber  etliylic  aieohois 

p'tylic  alcohrtl,  ite.)  when  thus  treatt^d  yieUI  U»  the  snlvcnt  the 

?i>holiforiu   constituents  set    free  durin*^   s.a|H>iiiiTeatiun  ;;  when 

bese  are   niixe*!  with   hyflrncurbons   tbe  pro|Kirtinn  of  alcohol 

nt  may  be  arrivetl  at  liy  means  of  the  hydrogen  test  (p,  13), 

ihSke  acetylatron  test  (Chap,  tiil) 

When  only  minute  ijuantities  of  unsa^ioni liable  matters  are 
t>ntaine<l  in  a  ^iven  «mI  or  inx,  An\,  these  are  *^enorally  either 
nbstances  akin  to  cholesteiY>l  anfl  phytc sterol  dissolved  in  the 
fi),  or  else  matters  of  mucilaginous  or  albuminous  character 
Bther  dissolve<l  in  the  oil  i>r  suspender  I  in  a  diluted  jelly-like 
therein.  The  fonner,  wln'n  tHssoIvwl  <mt  fn>m  the  soap* 
suiting  after  sapiniticatinn  by  such  snlvcnts  as  ether  or  benzo- 
ne,  may  often  be  cibtained  in  a  crystallised  condition  l>y 
jLssolvintf  in  hot  alcohol  and  c<xiling,  or  may  be  t^jriverietl 
lito  ixMizuic  or  aeetie  ethers,  ttc,  and  identiticfl  either  by  the 
ileUiug  jM^ini  or  the  **  acetyl  nuiiil)er/'  Tht*  latter  are  left  un- 
iilved  ;  on  decomposing  tlie  sr»tps  with  a  mineral  a<"i(t  they 
brm  fh»cculent  masses,  from  which  the  ]>ure  molten  fatty  acida 
rejuiily  separabh*  by  (iltratioii  through  a  dry  pafier  filter  after 
fepaniti'iit  from  the  aijumius  litjmir.  Some  oleagiihujs  matters^ 
ttntcted  !>y  solvents  (such  as  carl>oii  tlisuli>hidc)  from  certain 
egetables,  seeds,  ttc,  or  from  certain  kinds  of  animal  fatty 
[irter,  contain  complex  bcrtlies  of  the  nature  of  hfifhht^  a  s<irt 
compound  etlier  of  choline,  glyeerophosphoric  acid,  and  fatty 
cids  (oleic  and  st^^firic)  ;  pbosphorised  constituents  of  this  kinti 
largely  contJiinetl  in  tlie  oily  matter  from  the  yolks  of  hens' 
jpgs,  and  to  a  lesser  extent  in  that  from  the  seeds  of  certiiin 
pguminous  plants,  f.r/.,  peas  (vide  ]>.  1  li'l). 
Alatters  of  a  saponacefms  chanictei'  are  sonietimes  contained 
commercial  oils,  owing  either  to  the  use  of  basic  sub- 
inees  in  refining  (especially  in  boiling  thying  oils),  whereby 
inre  or  less  considerable  amounts  of  metal  He  soaps  are  formed 
ad  partially  dissolved  by  the  oil ;  or  to  other  causes,  such  aa  the 
Utenttonal  addition  of  metallic  soaps  (alwuiinium,  magnesium, 
ne^  ite.)  fi*ir  the  purpt»se  of  in<Teasing  the  vi.Hcc»Hity  of  lultricating 
riis  :  or  simultaneous  contmt  with  air  and  metals^  wherelw  a 
ptallic  oxide  is  tbmiefl^  wlncli  then  is  either  dissolved  as 
Ertallie  8i:»ap»  in  virtue  of  free  fatty  acids  present,  or  reacts  on 
i  glyceride,  forming  raebdiic  soap  by  saponification.  Oils  that 
^  been  in  contact  with  copper  nr  brass  are  ijfteit  rendered 
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green  by  the  formation  of  copper  «oap  in  this  way  ;  simiUrlj. 
drying  oils  tlmt  have  l>een  **l»oiled"  with  metallic  oxides  i» 
driers  (^.17,,  lead  oxiile)  geneniUy  contain  more  or  less  metAllic 
soap  in  ftolution  thence  derivofl.  Such  admixtures,  whether 
intentional  or  not|  can  generally  l*e  estimated  by  diluting;  thecil 
with  etlier  free  fnnn  alcohol,  and  tiltering,  when  the  metallic  soa]« 
is  left  undis8 jlved  ;  by  decomposing  this  with  dilute  nitric  acitl 
the  metal  lie  constituents  art*  obtained  as  nitratesL  In  most 
case.s  prolnntjetl  a-^itatjon  of  the  oil  witfj  highly  dilute  nitric  iicid 
«iithce.s  to  dissolve  out  tlie  metallic  »»xicles  present  as  MiApa,  imii 
in  this  way  errors  are  avoided  dne  ti)  solubility  of  metallic  soap 
in  the  ethereal  stilution  of  oil. 

Oils  containing  lejitl  or  cupper  are  more  or  lesss  blackened  Iw 
shaking  up  with  n  ft^w  drops  of  sulphuretted  hyrlrugen  water,  ur 
dilute  solution  of  ainuif^tduni  sulphittc.  Frefenibly  a  mixture  of 
equal  volumes  of  glycerol  and  water  if*  used  to  dissolve  tJHP 
milphiir  comiKiund  eni|>loyed,  as  this  then  acts  more  readily  cm 
the  oil. 

Oils  containing  potash  and  soda  soaps  in  solution  genemllj 
yield  these  more  or  less  completely  to  water  when  shaken  ap 
therewith,  no  that  by  allowing  t^>  stand  and  separating  the 
aqueous  liquid,  the  s<«ips  di8tM>lve<l  therein  can  Ije  obtained  hv 
evaporation  tti  tlryness. 

Water  coBtained  in  Oils,  &c,— Although  *' oil  and  wftter" 
are  conventiunally  regarde<l  as  innuisciblc  suhstance.s,  still  thtir 
mutual  insolubility  is  in  must  cases  reliitive  ratlier  than  absolute, 
Water  in  general  dissolves  extreniely  little  oil  i»r  fat ;  but  the 
converse  docs  not  hold  ho  closely,  as  a  few  tenths  per  cent  uf 
water  can  general ly  b<*  ret^iined  in  permanent  soluticm  by  fluid 
oils,  tkc,  without  iniiwiiring  llieir  triuis]mrency.  In  the  case  uf 
semisolid  substances  (<*.*/..  butter  and  lartl),  much  laipr 
quantities  of  water  can  l)e  mecljiuucally  intermixed  with  the  fiit 
in  the  form  of  minute  globules  interaiiersed  thr*Highout  the  maasi: 
but  in  this  ease  thert^  is  no  true  solution,  antl  on  gently  warming 
tlie  nmss  so  as  to  melt  the  fatty  matter,  the  water  gradually 
sepai'ates  out  to  the  bottom,  so  that  if  the  operation  be  effect€<i 
in  a  gnuluated  vessel,  the  volume  of  water  thus  separating  may 
be  by  and  by  reml  off-  In  some  cases,  the  se|>aration  of  tlip 
water  in  this  way  is  facilitated  liy  suiding  U*  tlie  just-fused  ljia»^ 
a  sufficient  quantity  of  light  peti-oleum  spirit  to  prevent  it 
solidifying  on  cooling,  and  setting  by  the  whole  in  a  corked-u() 
gratluated  tube  for  smne  time^  sn  as  to  allow  the  water  globule* 
to  collect  and  run  together.  The  a^nount  of  atlmixed  water  ma) 
alsfi  l*e  iletermiried  liy  heating  a  known  weight  of  substance  to  a 
temperatiir*^  a  little  above  100"  V.  (by  means  of  an  airljath,  &c\ 
and  noting  the  loss  of  woight. 

When  the  actually  dissolved  water  is  to  l>e  determined,  thi* 
same  [irocess  may  be  used;  preferably,  however,  the  oiI»  ^c,  t<^ 
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Pbe  o-xaniiiitHl  is  nut  heuU'd  iti  roritact  witJi  air,  Init  h  pl:icc*tl  in  n 
breighefi  U  tube,  through  wliich  a  eurrt*nt  uf  dry  carhnn  di*»xiik^ 
■M  ifi(  passed,  tn  prevent  oxidation  by  absorption  tjf  <txy,i^t*n  iVom 
Bte  attnosph»?re  durin*r  the  lieutini,', 

I     Adultoration  of  Fats  with  Suspended  Matters,—  Sol i*!  tuu\ 
luemii^ulid    Ints  ilard,  Ui\\o\\\   iVc.,)  are   soinetinies    intentionally 
[adulterated  by  admixture  with  whiter  weight-pving  suhatances. 
Ipiich  a^  china-clay,  starch,  etc.     To  det^miuie  the  <|\janiity  and 
hature  of  the  adulterants  present  in  HUch  cases,  the   fat.  itc,  i« 
piiiiiu«^d  with  carlK>n   disul[*liide    or  other  volatile  inherit,  and 
Kltered  through  a  dry  wei^hcil  iiltcr.     The  iiltrate  and  wushingR 
Hieiiig  e%^aporat«d  to  dryness,  and  tlie  residue  ilried  in  a  nteani 
Biatb^  the  proportion  of  actuid  fat  presejit  in  knnwn ;  the  inerenient 
kn  weij^hi  of  the  filter  represents  the  HuHd  adulterant,  and  the 
Heticiency  in  weight  the  water.     The  residue  on  the  filter  turns 
btue  if  starch   U  present  (tlour,  meal,  f^irina,  ttc);  cohl   water 
UisscilTes  out  conjuncm  salt  and  sucli   like  saline  niatterw  (r.tf.^  in 
kilted  butt^^rs,  il'c,);  kaolin  and  san<l  are  left  l>ehind  on  inrinera- 
hion,  whilst  albuuiinuid  and  C4ise4ms  matters,  cellulose,  mucilage^ 
fmnd  other  vegetable  nrin-fatty  extractives  are  burnt  offrkiring  the 
■irocess.      Oils  that  have  been  refined  by  means  nf  sul[>huric  acid 
BhI  retiiin   minute  <|uantities  of  free  inorganic  iu.nd,  when   thus 
%^eated  with  a  solvent  and   filtration,  leave  on   the  lilter  paper 
a  minute  amount  of  residue  solulile  in  water  with  acitl  reaction  ; 
|this  may  t>e  titnit'ed  with  *lecinornval  alkali  iji  the  usual  way. 
Sulphurised    and    Phosphorised    Constituents,— Certain 
more  especially  thvKse  derived  f'runi  cruciferous  plants  (rape, 
Una,  mustard,  horseradish,  cress,  >kc.\  contain  small  ijuan- 
liies  of  sulpliurise^l  constituents,  such  as  tbiocyanic  ethers  ;  the 
presence  of  these  may  l)e  c|ualitatively  testerl   by  heating  the  oil 
rith  concenti'at^  potash  solution,  wherel)y  potassium  sulfjliide  is 
Ginned;  the  m;Lss,  after  dilution   witli   water  and   sejxiratiou  of 
lie    aqueous    liqu<»r,    gives    a    brown   or    black    coloration    with 
7ta.^.sium  }*lund»ate.      Jn  some  cases,  heating  the  oil  to  *■  boiling'^ 
rith  a  bright   strip  of  silver  causes   the   latter   tti  blacken.      To 
Jeterniine  the  amouiU  of  sulph\n%  the  *>il  is  dissolved  in  sulphur- 
petroleum  or  alcohol,  and  luirnt  in  the  manner  employed  in 
Jetermining  sulphur  in  Cf)al  gas,  the  flame  lieing  enclosed  iti  a 
liamey  connected  with  an  as[)irator,  antl  absorbing  tubes  filled 
t'ith  tnoistenefl  glass  beads  being  inter])i>sed,  so  as  to  condense 
ilphur  dioxide  and  trioxiile  along  with  th<^   water  ibnncd  by 
iie    c<jmbustion;    a    tray    with    fragments    of   solid    ammonium 
xrl»onate   is   fixed  over    the   tlame,   to    furnish   an    amnKuuacal 
lltmosphere ;    the  contlensetl    Hc|uid    is    oxidised    with    bromine 
rater,  and  precipitated  with   Uinunj  chloride  and   bydrrichloric 
cid  (Allen).     Or  the  oil  nuiy  be  cautiously  heated  with  alcoholic 
Kita-^h,  evaporat'Cd,  and  the  residue  incinerated  with  addition  of 
MJtassiuni  nitrate  till  white^  the  sul|»hate  formed  lieing  determined 
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as  usuaL  This  latter  method  is  alsn  available  for  the  estimati* 
of  phoHphonts,  present  in  certjiin  oils  and  fat.s  as  a  compound 
the  nature  of  lecithin^  the  phosphorus  being  ultimately  weighi 
an  magiiesiuiu  pyrophosphate  (Bene<:likt). 

The  following  general  schenje  for  the  exaoiinatian  of  oila 
fats,  kVq,^  is  applicable  in  most  cases  so  far  as  the  above  inentio) 
impurities  or  conatituents  are  c*:>ncerned  : — 

ihy  a  convenient  fjiiantity  so  as  to  determine  the  amount 
nxttfT  present  {p,  12'2). 

Melt  a  known  weight  of  fat  and  pass  it  through  a  hot  weighed 
filter,  iiJially  washing  out  the  adherent  fat  with  ether;  the 
residue  left  on  the  filter  may  conUiiu  safi/ir  motifr^,  utt^^temhl 
or*/anie  im^tnrities,  thint^  tfcc,,  ii*c.,  which  may  be  further  ex- 
aniined  as  occasion  requires.  On  iricinemting  the  filter,  the 
amount  of  inorganic  suspentled  matter  is  olitained.  Part  of  the 
filtered  oil,  ttc,  may  l)e  shaken  successively  with  water  to  di 
sulve  out  alkaline  soapy  matters,  anil  with  dilute  nitric 
svilphurio  acid  in  aise  any  lead,  copper,  tir  other  metallic 
are  present,  the  watery  and  acid  litjuors  Ijeing  separated 
examined.  The  oil  may  lulvautageoiisly  Vie  diluted  with  ether 
i»r  carlion  disulphide,  tSrc,  previously  to  Jigitation  with  water,  Jfc 
Another  jmrt  of  the  littered  oil  is  diluted  with  warnj  alcohol,  and 
the  free  acid  tnimlier  determined  (p.  1  U>),  using  phenulphthalein 
its  indicator ;  the  alcohol  is  evaporated  and  the  residue  taken  up 
with  light  j>etroleum  spirit,  tkc.  ;  the  residual  soap  formed  from 
the  free  acid  is  examined  as  required  (Chap,  xxi.)  for  fatty  acids, 
resin  acids,  Arc.  Aluminium  aufl  other  metallic  soaps  may  also  be 
In^re  present^  ]>recnntained  in  the  oil. 

The  light    petroleum    spirit  s{»lulion    on  evaporation  give^ 
residue  containing  Jieiitral  oil,  hydrocarbons,  and   unsaponijia] 
Tiiatters,  ttc:  ibis  is  sa]H)nifieil  with  alcoholic  alkali,  and  the  pi 
duct  di luteal  with  water   and  shaken    with  ether  or  petrolei 
spirit;   the  elliereal    s<*lution    is    evaporated   and   the  treattiient 
with  a]coh<*lic  alkali  repeated  t^i  ensure  complete  saponification 
tbially,    the   h3'drocarhons,   ttc,   are    rlissolved    out    by  ether 
|K*troleum  spirit,  and  the  watery  solution  of  glycerol  and  fal 
jtcid  soaps  further  examined   by  acitlifying  and  separating  the 
fatty  iwids  ;  these  usually  constitute  115   to  *M]  j>er  cent, 
original  glycerides  (Chap.  Viii.) 
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CHEMICAL  REACTIONS  OF  OILS,  FATS,  &c„  AND 
THEIR  USES  AS  TESTS  OF  PURITY,  &c. 

EFFECT  OF  HEAT  ON  01L8,  tta 

WoKX  fixed  oils,  itc,  are  subjeetiMl  ti*  lieat,  d  ecu  m  posit  ion  is 
CMjner  nr  lau^r  broufflii  aUmt  ;  if  tlie  in]  is  n  glvceride,  acrolein 
iicryli*'  aldehyde,  i*..H  ..COM)  is  ^^eoerally  evolved,  8a  named  on 
x>«3unt  tif  the  acriii  character  of  its  vapour.  In  some  cases  the 
iitty  acid  oriinnally  present  as  j^lvceride  is  also  volatilised  un- 
hanjfetl  in  greater  or  lesfi  ijuantity  :  Imt  in  ^'eneral,  tlcstrnctive 
Jistillaiion  only  takes  place.  If  the  heating'  be  carrietl  out  in 
presence  of  wat^r  vapour,  as  when  superheated  steuju  in  blown 
"irough  the  tutiss,  in  many  cases  hydrolysis  takes  place,  fatty 
Ih  and  glycerol  l#ein^  produced,  which  more  or  less  completeiy 
.  lit!"  alonj;^  with  the  water  va]K>ur ;  on  this  action  are  baaed 
in  pn*ceH«CH  for  iht*  niantjfacture  of  free  fatty  aeiihi  for  candle 
tin*?,  4k c,  and  fi»r  preparing  pure  glycerol 
Whfii  drying  oils,  more  i-specially  linseed,  poppy,  and  w^alnut 
iln,  are  heatetl  tor  the  juiijjose  nf  preparing  "Ixjiled"'  oil  for  the 
manufacture  uf  pfiint,  Arc.,  an<l  particularly  when  the  action  is 
bu»he<d  to  a  great  len;xth,  as  in  the  manufacture  of  printing 
Bik,  the  glyeeridic  portion  of  the  comfK>unds  appears  to  be 
Jino-st  completely  decomposed,  the  linolic  acid  or  anhydride 
tfveloped  Ijeing  more  or  less  dehydrated  {and  probably  poly- 
aeriaed)  in  such  fashion  as  to  form  a  highly  viscid  or  rubber  like 
[1HH«*  Ux  if  hit  ion  by  direct  iidditiuii  of  oxygen  so  as  to  form 
ftxylinnlic  acid  and  derivatives  thereof  usually  occurs  simul- 
Miei»usly»  more  esj>ecially  in  the  **  blowing  "  process  of  preparing 
i)ed  oils. 

Flashing  Point.— The  rh'termination  <>f  the  temperature  at 
rhich  inflammable  vapours  are  given  oti'  (whether  by  wimple 
rtilatilisation,  or  in  consequence  of  decomj>osition)  in  sufficient 
|inuitity  to  take  tire  by  the  application  of  a  h'ght  to  the  mixture 
air  and  vapour  coataiTied  in  the  upper  part  of  the  heating 
essel,  is  a  somewhat  important  operatirui  in  the  c^ise  of  many 
iiils  intended  for  lubricating  and  other  purposes,  where  they  are 
"  *ble  to  be  considerably  heated  ;  with  animal  and  vegetable  oils 
"the  "  Jlashing  points  '  are  irenerally  high^  but  much  lower  num- 
bers are  often  given  by  mixtures  containing  hydrocarlmn  oils, 
flucb  as  paratiin  oil  ami  peti*«4eum  distillates,  rosin  oils,  and  such 
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like  protlnetfi.  For  the  detenu i nation  of  the  flashing 
peUoleiiiJi  distillates  uml  similar  >^iil^sUnce*4,  several  speciJ  _ 
nf  iristrumeut  have  Ijcen  devised  by  t liferent  eKperimeiiterk 
some  of  the  eiidier  fijrms  the  vapour  emitted  from  the  w; 
oil  wiLS  allowed  free  access  to  the  air  ;  this  mode  of  operating 
known  as  the  ''  open  te.st/*  and  was  subject  to  seHoiia  irreguli 
ties  iiiecording  to  the  way  in  which  the  heating  wag  condui 
and  so  on.  Jn  the  lat^r  instruments  the  top  of  the  heating  vi 
is  close*!  in  U*  prevent  the  escape  of  intlanimaVile  I'apours  when 
iirat  genenitetl  ;  iii  consequence  a  considerably  h^wer  tempera- 
ture is  registered  by  the  applicatioTi  of  the  **  clone  test/*  whilst 
the    sources    nf  fluctuation   in   the    results    are    much  lessened 

Fig.  28  represents  Abel** 
flashing  fxjint  apparatus 
used  in  Britain  iis  the  legal- 
isi^d  appliance  for  testing 
petroleum,  «Xrc,,  under  the 
Petroieuuj  Act,  SimiJArar- 
mngenicnts  are  in  use  in 
other  countries  w4th  minor 
modifications,  pirtly  iia  to 
tlip  construction  of  the  in- 
strument itselC  nnU  pirtW 
as  to  the  exact  details  of 
manipulation  to  ht*  observed 
during  use  ;  for  its  the  tem- 
jK^rature  values  iledacetl 
lialtle  Ui  slight  Huctuatic 
witli  variations  in  the  mo 
*if  heating,  *Vc.,  a  defi 
prescribed  mode  of  operatinj 
must  \ye  strictly  adliered  to. 
Abel'H  appiratys  consists  of 
a  cylindrical  mettxl  cup^  A, 
placed  inside  another  with  an 
airspu'c  lietween,  the  outer 
one  being  siUTounded  by  % 
water  bath,  B,  luate<l  by  a  lamp,  K,  untlerneath*  M  he  oil  to  be 
tested  is  carefully  poured  in  without  splashing  until  just  level  with 
the  top  of  tlie  ^^auge,  t  \  l^  inches  from  the  l)ottom  of  the  cu\\  th^ 
water  in  tiie  jacket  being  at  the  tem[iorature  130*  F.  =  34**4  C 
as  shown  by  the  thermometer^  II.  'I'he  lid  of  the  cup,  !>,  is  th 
put  on,  the  temperature  of  the  oil  l>eing  known  by  means  of 
iherjnometer,  E.  A  small  lamp,  O,  is  arranjcjeil  at  the  top  of 
cover,  swinging  on  an  axis,  in  such  a  fivshicm  that  when  a  sli 
covering  an  aperture  in  the  lid  is  drawn  liside^  the  hmip  !!ame 
made  io  pass  over  the  aperture.  As  the  contents  of  the  c 
slo^^  ly  heat   up,  the  slide  is  witlidravvn  at   regular  intervals 


Fig.  -S 


EFFECT   OF    IIKAT   O^  OILS. 


127 


pmetl  })V'  the  swinpnjc^  t»f  ii  ]ipnrhiluni  i  by  and  hv,  tho 
ble  vafxmra  are  ffiveri  off  in   suilifient  quantity  to  yiolii 
of  blue   rtttrue  by  tbeir  kiiidliiiL?  when  tlie  sHrl<^  is  with* 
;  tbe  teniperdture  then  incbcited  by  the  tlierrnoin**tfir,  E, 
notetl  as  the  Hashintf  point.      Obviously  this  form  fif  apparatus 
ottJy  suitable  for  substant-es   tlie    ij^ijshiiig   point  nf  which  h 
plfiw  the  temperature  of  iMiiling  water;  when  less  volatile  sub- 
Mice?!  are  to  be  exauiinecl,  t!ie  water  jacket  is  replactni  by  a  hot 
[Uh    uf   »ome    other    tbiiti  ;    or  a  hot  airbath  i.s  used   instead. 


Rj{.  *211  indicates  Pensky's  mrHlilicatitui  uf  AIm^Fh  instrument  for 
iich    purposes,  where  the  .source  of  bf*at  Is  the  hiuip  tlame,  C, 
ayiijg  on  wire  gauze,  D^  and  filling  tbe  inverted  Imsiii,  A,  with 
ut  air** 

An  improved  form  of  F^nsky'-*  upparatu^  haa  leen  described  ly  Holde 
otini.  See.  Chem.  Ind.^  It^Sil,  p.  7S4). 
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Oharacteristic  Oxidation  Frodncta.— In  c^ruin  oMsm  thf 
r^tilto  fuminhecj  liv  caution.^  oxidatioD  afibrd  osiefiil  ItidiciAioiis 
iff  the  nature  of  the  ^tty  acids  ;  this  is  nKvre  especially  tlie  mm 
when  an  approximate  separation  of  liquid  and  dolid  £ft(ty  mssi» 
fwM  ^fppri  previoualy  effected  by  conversion  into  leiid  salts  and 
trr-atiticiit  with  ether,  so  as  to  dissolve  out  oleate  and  LinoLite 
af  |i5fMl,  S:t\,  leavincf  undissolved  lead  stearate,  palniitate,  ^c. 
Haxuni  reciiinnjemlH  the  fnllowin^  method  of  ojienitintf :— Thi? 
frttty  iicuU  ohiained  by  decomposing  the  soluble  letwl  salts  are 
rieutrti]i.«^efl  with  a  sligjit  excess  of  caustic  potash,  diluted  witli 
<i0'70  pJiriH  iif  water,  und  the  liquid  treated  with  abiDUt  aii 
#^c|ual  Vdjunje  of  a  sol utif in  of  potassium  permanganate  added 
in  II  tlnn  strt-iini  with  continuous  agitation.  After  terk  minutes 
>iulplnirriUH  nvii]  Holution  is  similarly  abided,  sufficient  tu  dissolve 
4ill  pifcijtitMle*!  hyih'atc^d  manganese  dioxide,  and  to  give  Jin 
iwiit  rr^'l^•tinn.  T[i*'  |ir<»iluctH  of  ux illation  of  oleic  and  linolic 
acidn  f(Ii*>K  VMt<*}inf  and  nativic  adds)  are  only  tlitficultly  soluble, 
nn^l  c^inMt'<jui*ntly  preeij>itatt^  :  whilst  linusic  and  isoliuusic 
iuiu\h  {the  iixidiititm  prcuJucts  respectively  of  linoleuic  and 
iinlirjulenir  jicids)  renifiin  in  Holutiun,  These  latter  acids  are 
*'xtriu*tecl  by  neutral i.sing  with  potash,  evajxiniiing  to  a  sinsli 
bulk  (onc-twidftli  to  fine  fourteenth  of  the  original  volume)  and 
dt'ciiitjjHjKing  with  nulphuric  acid  ;  the  precipitate  is  dried  in  the 
air,  titrated   with  ether   to  dissolve  out  mattei*s  readily  soluble 

*  Jnm^n,  Sor.  Chem,  ImL,  1890.  p,  197;  from  DiuQler^A  Pol,  Journ,,  274, 
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tlwrein,  nncl  the  r^^siVlue  crystallised  from  alcohol  and  fiMiii  water 
9o  as  to  separate  the  more  soluble  isolinysic  acid  from  the  leas 
soluble  Uiiuaic  acid.  Dif)xy stearic  acid  and  iwitivie  acitl  are 
■epanited  iti  a  similar  way  from  tht?  precij>itate  thrown  down  in 
the  ©nrlier  staji^e  ;  tfie  prpcipitato  is  wiLshed  with  a  little  ether  to 
reniove  easily  soluble  fatty  aciils  (unoxidised)  and  then  treated 
with  large  bulk.s  of  rther  {100  parts  ether  to   1   of  suljstance). 

foxystearic  acid  is  chiefly  dissolved  out,  obtainable  by  evapjora- 
in  and  recryatallisatioii  of  the  dejiosit4^d  cryst^ils  from  alcohol 
ice  in  succession ;  w^hilst  sativic  acid  is  isolated  froni  the 
iiusoluhle  portion  by  boiling  with  w^ater,  filtering  whilst  Wiiling 
hot,  and  crystallisation  on  c<>oling.  The  purified  acids  thus 
obt4iined  are  further  identiticil  by  means  of  their  melting  |Xjints 
(p.  43).  According  to  Benedikt  tht^  acetylation  test  (Chap,  Yin.) 
may  also  l»e  usefully  emplf>yed  for  this  purpose. 

Lin  somewhat  similar  fashion  trioxystearic  and  iKotrtoxystearic 
ids  are  obtainable  from  the  fatty  ^icids  tif  c^isUir  oil.  It  is 
not^e worthy  in  this  connection  that  the  acids  obtained  by  the 
oxidation  of  isoleic  acid  and  of  elaiflic  acifl  (the  isomeride  of 
oleic  acid  profiuced  by  the  action  i>f  nitnius  acid,  p.  28)  are 
dioxyatearic  iicids,  is*>meric  Imt  not  identical  with  that  obtjiined 
Irom  ortlinary  oleic  acid  (SaytzefF,  j».  *iO).  Similarly,  the  oxida- 
tion prcxlucts  of  erucic  acid  and  its  elaido  deri\'ative  Ijrassic  acid, 
yielfi  two  isomeric  dioxybenic  acitls  (p.  *Jli). 

Spontanoous  Oxidation  of  Oils,  Fats,  &c.^-Oils  of  the 
drying  class,  and  to  a  lesser  extent  many  other  oils  and  fats, 
poe^esH  the  prof>erty  of  directly  al>sorbing  oxygen  from  the  air  at 
the  ortlinary  tempenUure,  the  effect  being  nmcb  more  n nuked 
ben  more  «>r  less  heated  ;  the  drying  and  baiYlening  of  paint 
eparetl  fnim  linseed  oil  is  an  extreme  oise  of  such  an  action, 
Rt  the  thickening  and  *'guinndng"  of  various  other  oils  on 
ig  exhibits  the  sajne  kind  of  phenomenon  in  a  lesser 
ree.  The  fixation  of  oxygen  during  fK'tions  of  this  kind 
irs  ti>  be  principially  due  to  a  direct  combination  of  oxygen 
th  acid  radicles  of  **  unsaturated  "  character,  precisely  analogous 
I  combination  therewith  (»f  iodine  or  bromine  (p.  'M,  45);  as 
idation  proceeds,  the  *Mndine  absorbing  |>ower"  of  the 
fice  usually  diminishes  pari  /tfJUftn. 
In  some  cases  the  rapidity  with  which  the  absorption  of  oxygen 
kes  place  is  greatly  enhanced  by  heating  the  oil  to  a  tempera- 
insutiicienfc  to  produce  any  great  degree  of  decomposition, 
tiough  higli  enough  to  cause  incipient  breaking  up  with  evolu- 
of  vapours;  this  process  of  ** boiling^'  oil,  c^specially  when 
tain  metal  he  compt>unfls  or  *^  driers"  are  added,  appears  to 
sist  essentially  in  the  formation  of  substances  that  act  tis 
arriers  "  of  oxygen;*  so  that  "boiled  oils  "'  dry  more  rapidly 

*  The  rotting  of  painted  eaiiviis  sonictimea  observed  appears  to  )>e  largely 
to  oxidation  of  the  fibres  of  the  fabric  in  conaefjuence  of  this  carrier 
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than  the  same  oils  in  a  raw  r»r  unboiled  condition,  these  cajrim 
absorbing  oxygen  more  rapidly  from  the  air,  and  parting  with  H 
again  to  the  unoxidised  portions  of  the  oiL  Free  exposure  to 
air  whilst  heating,  in  »onie  cases  accompanied  bjr  the  injection  (tf 
a  current  of  air  through  the  heated  mASS^  appears  to  be  eflBeDtial 
to  the  production  of  the  initial  degree  of  oxidation  effected  in 
the  Ixiili ug  of  drying  oils ;  the  latter  process  when  applied  t» 
various  non-drying  oils  (more  eupecially  fish  oils),  causes  a  om- 
siderablc  increase  in  density  and  viscidity,  so  that  **  blown  oiJs ' 
thus  prepared  are  more  suitable  for  lubricating  and  otber 
purposes  tlum  the  original  untreated  substances. 

Effect   of  Iiiglit   OB    Oils.— Exposure   to   light   prodaces  s 
remarkable  increaite  in   the  rate  at  which  spontaneous  oxidation 
of  oilH»  itc,  t^ikes  place  at  the  ordinary  temperature  :  tlie  resuli 
of  this  oxidation  in  unifrtrmly  to  cause  an  increment  in  spedfie 
gravity   and   in   the  amount   of  heat   evolved  on  mixture  with 
sulphuric  acid  (ifijra)^  t.*jgether  with  a  decrement  in  the  iodine aV 
sorption  (Oliap.  vni.)     Thu«,  the  following  figures  were  olitaiji«dj 
(along  with  many  others)  by  H.  BaHantyne  ♦  with  olive,  castar, 
rape,  cotton  seed,  arachis,  find  linseed  oils;  specimens  kepi 
the  dark  for  six  months  showed  little  or  no  alteration  whethi 
in  tightly  corked  or  oj>en  lx>ttles,  and  whether  undisturbed 
agit^ttetl  ilaily  so  as  tf)  aerate  them  ;  whereas  similar  specimensl 
cxposetl  to  sunlight  during  the  same  pericKl  exhibited  perceptihltj 
amounts  nf  alteration,  even   when   kept  undisturbetl   in  corked] 
bottles;    inul    much    larger   amounts    when    kept    in    uncorked] 
bottles  and  agitated  daily  : — 


YasiAYiOK  IX  SrEcmc  Obavitt. 


V*lwe  afl«r  Six  Honth*  Expctam     1 

Ortictnal  VaTap, 

U>@uuli«{iU                     1 

tTiiehanjfed  in  Ibf 

D 

1 

lifttk. 

Coricod. 

n'tsj.a^'  1 

Olive  oil»     * 

'91G8 

•0185                     924l> 

CMtor  oil,  , 

•9670 

%H3        ,j 

lUpo  oil,     . 

9HiS 

•9171            1*207  mi 

Cotton  8©ed  oil,  . 

922.S 

-923^                   -d.TJO  ^M 

Anwjhis  m]. 

■*«209 

■&216                     9267  ^ 

Linteed  oil, 

•93!Zo 

■9327                    -9386       1 

action.     The  presence  of  certain  kindi  of  reftinoua  mutter  (bucH  m  »i* 
omp!oyL'{l  ill  t!ie  mantjfiicture  of  tarpaulins,  &c.),  seema  to  diminish 
tendency  to  tins  defitnietive  motion. 
•  Jovrn,Soc.  Chem.  Intl.,  lisOl,  p.  29* 
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Yalne  after  Six  Months'  Exposure 

Original  Talne, 

to  Sanlight. 

practically 
Unchanged  in  the 

Dark. 

:Undl«tnrbed, 

A^IUted  Daily, 

CJorked. 

Uncorked. 

Olive  oO,     . 

8316 

82-64 

78-24 

Castor  oil,  . 

83-63 

... 

83-27 

Rape  oil,     . 

105-59 

105-27 

102-12 

Cotton  seed  oil,  . 

106  84 

106-40 

100-12 

Arachis  oil, 

98-67 

97-60 

93-20 

Linseed  oil. 

173-46 

172-88 

166-17 

Variation  in  Heat  Evolution  with  Sulphubio  Acid. 


Values  after  Keeping  Six  Months 

In  the  Dark. 

In  Sunlight. 

Undisturbed, 
Corked. 

Uncorked. 

Undisturbed, 
Corked. 

AtdUted 

Daily. 

Uncorked. 

Olive  oil. 
Castor  oil,      . 
Rape  oil. 
Cotton  seed  oil, 
Arachis  oil,   . 
Linseed  oil,   . 

44* 
73* 
QV'o 
75*-5 
73*-5 
11.3* -5 

43*5 
73* 
60* -5 
76*-5 
73*5 
112*-5 

47* 
74^-5 
63* 
76* -5 
77* 
120* 

67* 

78*-6 

72* -5 
100* 

90* 
131* 

Only  minute  amounts  of  free  acid  were  developed  in  six  months 
daring  the  course  of  these  observations,  indicating  but  little 
hydrolysis  of  glycerides  during  the  oxidation  of  the  insolated 
samples;  the  maximum  amounts  formed  were  in  the  case  of 
linseed  and  cotton  seed  oils,  and  corresponded  with  a  develop- 
ment of  0-34  and  0-50  per  cent,  respectively  of  free  acid 
(expressed  as  oleic  acid)  in  sunlight,  none  at  all  being  formed 
in  the  dark.  Olive  oil  kept  six  months  in  the  dark  gave  a  hard 
solid  elaidin ;  that  exposed  to  sunlight  in  corked  bottles  with- 
out agitation  a  somewhat  less  hard  mass ;  but  that  insolated 
and  agitated  daily,  so  as  to  expose  as  thoroughly  as  possible 
to  oxidising  influences,  did  not  even  thicken  when  sub- 
mitted to  the  elaidin  test.  Similarly  Becchi's  silver  test  for 
cotton  seed  oil  gave  only  faint  indications  with  the  insolated 
oxidised  oil,  although  reacting  thoroughly  with  oil  kept  in  the 
dark.      The  viscosity  of  rape   oil,   as  indicated   by  the  efflux 
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test  (p*  05),  was  notably  increased  bv  nine  months'  exposu 
to  siinliglit  (in  corked  buttles  witbout  agitation) ;  oil  kepi 
in.  the  dark  givin*;;  tiiiies  of  tluw  r56  at  15" -5  and  25*5  at  50* 
whilst  insolated  oil  gave  66  at  15*'5  and  26*5  at  50^  Castor  oil, 
mainly  consisting  of  the  glycerides  of  acids  alreatly  oxidised,  as 
might  a  priori  be  expected,  is  less  changed  by  oxiclation  thaa 
any  of  the  others. 

Hiniil.ir,  l>ut  less  systematic,  observations  bare  l>ecn  recorded 
by  various  oth€*r  experimenters^  the  general  result  of  which  i^ 
to  show  that  the  changes  brought  alx>ut  in  oils  and  fats  by 
keeping  and  atmospheric  oxidation  are  gr&itly  accelerated  by 
the  inrtuence  of  light.  According  to  E.  Hitsert  rancidity  is  only 
producefl  in  *»ils  in  presence  of  oxygen  (air\  the  action  being 
greatly  accelerated  by  simult^ineous  exposure  t^>  light,  Ncii 
effectj  however,  is  produced  by  the  action  of  light  alone,  when; 
access  of  oxygen  is  entirely  excluded. 

Spontaneous  Combustion.  Whi^n  :i  fihn  of  readily  oxidisabW 
oil  is  spread  over  a  cruisideraljle  surface,  so  that  a  lari^e  area  is  pre* 
.sented  ff»r  atmospheric  oxidation,  if  the  circnmstanees  are  such 
that  the  lieat  gi'iieratetl  by  the  action  is  not  readily  h»st,  the  mass 
heats  greatly,  in  some  cases  t*»  such  an  extent  as  to  bring  about 
spontaneous  inllammation.  Gel  hilly  has  shown  that  greas; 
cotton  rags  and  similar  materials  kept  in  a  warm  ]>laee  are 
in  consequencej  liahle  to  igrute  sfKmtarieouslyj  and  are  accord- 
ingly a  source  of  danger  as  regaixls  fire,  Bniletl  linseed  oil 
appears  to  be  the  most  energetic  of  uiln  in  this  respect ;  ft 
handful  of  cotton  waste  soaked  in  this  fluid  and  squeezed  out, 
and  then  kept  in  a  l>ox  at  70'  to  hSO\  soon  rises  gre^itly  in 
temperature  to  near  200' ;  in  little  more  than  an  hour  the  mass 
is  so  hot  that  smf>ke  issues,  and  on  opening  the  lx>x  the  whole 
tfikes  fire,  Urd)oiled  linseed  oil  takes  a  much  longer  time  to 
produce  the  same  result*  (from  four  to  six  hours),  and  rape  oil 
longer  still  (some  ten  hours).  On  the  other  band,  an  admixture 
of  mineral  oil  greatly  retanis  the  action.  In  general,  the  ten-», 
deney  to  spontaneons  oxidation  is  greater  the  greater  the  iodine^ 
absorption  of  the  oil. 

A  tt^sting  apparatus  has  Ijeen  constructed  l*y  AlU>right  Jb 
Clark  t  for  fletermining  the  eompanitive  liability  of  oils  to 
spontaneous  combustion,  consisting  of  an  outer  shell  formed  by 
a  six  inch  wrought  iron  tube  which  can  l>t?  closerl  at  eiich  end  by 
discs  of  wood.  Insert  eel  into  this  tuhe  is  an  inner  four  inch, 
sheet  iron  tube  with  overlapping  metal  co\'er«  at  each  end,  si 
that  an  airspace  is  left  of  one  inch  annnul  the  inner  tnl>e,  and  o! 
three  inches  at  each  end  ;  three  thermometers  are  inserted  into 
the  inner  shell  through  the  outer  one.     A  Ijall  of  say  50  gnimmea 

•  Renouartb  Jaurn.  Soc,  Cht'm.  ImL,  1SS2,  p.  184,  has  repeated  and 
fiiiTietl  ihia  difference  hctwceu  Ijoiled  and  raw  linseed  oiL 
t/otir»,  Soc.  Chrm.  Indm'nj,  13»2,  p.  547, 
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of  waste,  over  which  aii  equal  weight  of  oi!  is  clistrihut^l,  is  care- 
fully pushed  to  line  end  of  the  irmer  tube,  and  the  oont^Hponding 
thermometer  bulb  inserted  into  the  middle  of  the  ball.  A 
similar  hall  of  unoiled  wa.ste  is  placed  at  the  other  end,  with 
another  thermometer  bulb  inserted  as  l>ofore.  Tlie  third  ther- 
mometer is  placed  l;M?tvveeti  the  two.  On  heating  the  outer  tul^e 
by  means  of  a  Bun^eri  burner,  so  that  the  central  thermometer 
indicates  al>out  125',  the  temperature  of  the  unoiled  mivste  Imll 
wdl  be  alifiut  100 ^  That  of  the  other  rises  in  proportioTi  as  the 
oil  oxidises  more  i^pirlly.  E.  H.  Ricbartlf?  reports  that  this 
arrangement  gives  most  valuable  insults  aa  regards  gauging  the 
degree  of  safety  of  lubricating  oils,  itc.  ;  for  instance,  the  per- 
centage of  fatty  oil  whicli  may  l>e  safely  mixed  with  mineral  oils 
may  be  thus  determined.  Thus  neat's  foot  oil  and  best  laixl  oil 
may  be  added  Uj  the  extent  of  50-60  per  cent.,  wluht  not  more 
than  25  per  cent,  of  cotton  seed  oil  is  permissible. 

Film-test. — If  a  film  of  oil  be  freely  exposed  to  the  air^  so  that 
heating  Uj  any  crjnsiderable  extent  is  impracticable,  the  effect  of 
the  oxidation  is  grmlually  to  inspissate  the  oil,  and  tiually  to  con- 
vert it  into  a  varnish4ike  product;  a  test  nf  the  quality  of  a  given 
sample  of  drying  oil    is   based   upon   this,   a  glass   jikite   Ijeing 
I  coated  on  one  side  with  a  film  of  oil,  after  the  fashion  of  a  phutt>- 
^raphers  collodion   plate,   and   then  kept  in  a  steam  bath   fijr 
I  some  hours,  preferably  side  by  side  with  another  jtlate  similarly 
'  cx»ated  with  oil  of  standard  quality  ;  the  relative  length  of  timo 
requisite  before  the  film  ceases  to  be  '*  tacky,"  l»elng  converted 
I  into  a  dry  varnish,  serves  as  a  measure  of  its  drying  quality^ 
I  Thus,  whilst  a  gwid  sample  of  linseed  oil  is  c<mi|>letely  solidified 
in  some  twelve  houi^,  non-drying  oils  like  araclns  ami  olive  oils 
^  are  scarcely  thickened  at  all ;  whilst  cotton  seed  oil  and  similar 
iubstances  possessing  only  a  certain  tlegree  of  drying  j»ower  are 
intermediate.       In   this    respect    the    order    in    which    oils   are 
arranged  by  me^ns  of  this  test  is  sensibly  the  same  hh  that  in 
which    they  are  arranged  hy   means  of  tJie  iodine  absorption 
reaction  (Chap,  vin.) 

Uvache*8  Test. — Livache  finds  t!iat  the  rate  of  ahsorptioit  of 
[oxygen  is  *much  quickened  if  finely  divided  metal  he  k-jid  is 
I  mixed  with  the  oil  toVieexannned;  comparative  tests  are  readily 
[  made  by  placing  on  a  watchglass  alx^u t  a  gramme  of  lea^l  *  in  a 
thin  layer,  and  then  dropping  on  to  it  a  few  decigrammes  (not 
more  than  G  or  7 )  of  oil  in  small  drops,  scattered  in  er  different 
L portions  of  the  lead,  80  as  not  to  run  into  one  another.  The 
I  whole  is  then  weighed  and  allowed  to  stand  at  the  ordinary 
I  temperature.  Drying  oils  begin  to  increase  measurably  in 
[•weight  in  less  than  twenty-four  hours^  and  cease  to  gain  weight 

*  Precipitated  from  HaA  acetate  solutioa,  and  rapidly  woiilied  with  wAt«r, 
alcobah  t^d  ether  in  succeaaioii,  and  tlnally  ihicd  in  vacuo.  According  to 
Htxbif  precipitated  copper  is  [ireierablo  to  lead* 


131 


OUBj  74T8,    WAXFS,    KTC. 


after  tbrce  to  six  days,  whilst  oils  possessing  little  or  no  drying 
qualities  do  not  increase  at  all  for  several  clays.  Similar  remark* 
apply  to  the  fatty  acids  isolated  from  the  oils.  Thus  the  follow- 
log  figures  were  obtained  :— 


PercenUfo  IncrmieDt  La  Weicht             1 

or  m  mttmr 

2jkLjt. 

T  D*y», 

Linseed  oil,  ,        .         .         . 

Nut  oil,         .... 

Poirpyoil.     ,         ,         .         . 

Cotton  &eed  oil,     , 

Bcccb  moat  oilj      . 

Colza  oil,       .... 

Aracbis  oil,  .... 

Rape  oil^        , 

Olive  oil,       ,         »         .         . 

Sesame  oil,    .... 

U-2 

5-9 
4-3 

Nil 
Nib 
Nil. 
NU. 
NU. 

29 
1*8 
2-9 
1-7 

24 

11-0 
3-7 

215 
13 

V^ 

0'7 
21> 

i 


Each,*  followiMi^  Fresenius,  tests  the  oxygen  absorbing  power 
nf  uik  hy  heating  in  a  closed  tulie  containing  oxygen,  and  noting 
the  bulk  of  giis  absorbed.    The  presence  uf  excess  of  oxygen  after 
the  experiment  must  Im;  proved  by  means  of  a  glowing  splint 
of  w*ood.     This  test  is  more  particularly  useful  in  the  valuatio 
of  certain  kinds  of  lubricating  oils. 


CHEMICAL  CHANGES  OCUURRTNG  DURING 
lillYING  UF  OILS. 

The  nature  of  the  chemical  changes  taking  place  during  th 
ciimplete  atmospheric  oxidation  and  consequent  tlrying  up  of  I 
drying  oil  has  liccn  tlic  sulijcct  of  various  investigations ;  but 
can  bai*dly  be  said  that  tljc  matter  is  yet  settled  beyond  dispute 
The   earlier   researches   on    linseed   and   other   drying   oils 
Mulder  and  others  led  to  the  conclusion  that  the  chief  consti 
tuent  of  drying  oils»  giving  them  their  peculiar  properties,  wa 
linolin,  the  glyceride  of  linofir  ftciff^  regarded  as  C^,;H..^O,„ 
then   tenned  lirwleie  a^id,      JJuring  drying  this  glyceride  wa 
ftupposed    to    become    hydrolysetl    or    citherwise     broken     up 
losing    its    glyceridic   charficter,    and    fomjing   oxt/linoiric 
Cj^H..f,0. .  2H,iO,  by  oxidation  ;  a  neutral  polymerised  anK>r]>hon 
anbyfiro    derivative,    linojri/tt,     C.,,^!!;,^*),^^     fieing    sulwequeiitljj 
developed  as  the  le^uling  ingredient  of  tlie  *vskin  '  formed  as  thi 
»»il  dries.     Later  researches  have  indiented  that  what  was  fonnerlj 

*  Journ.  Soc.  Chan,  ImL,  \m%  p.  DrO  ;  from  Chem,  ZciL,  13,  p.  £03. 
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^ftermeil  "  linoleic  acid/''  C.^.H^j^O.^,  is  refill y  a  mixture  of  three 
^■AciiU  of  notably  higher  inulGcuhir  weiglits  —  viz,,  frue  JuuJic  mrid, 
^■C,^U.^.jO„  reiatefl  to  oleic  acid  as  oleic  acid  is  i-u  stearic  ;  and 
^■iwo  isomeric  acids  still  less  saturated,  related  to  linolic  acid  iii 
the  same  way,  linoh'uic  and   imdinoittnu:  acuh,  l.ioth  rcprcseiitetl 

I  by  C,j;iH^f,0.j.  These  substances  by  gentle  oxidation  yield 
ery8tailisai)le  acid  products,  salirif  ncul  (tetroxy stearic  acid), 
melting  at  173',  Ijeing  formed  from  ItnoHc  acid,  and  linuttic  and 
igofintijflf  acids  (hcxoxy stearic  acids),  melting  at  203°  to  205"* 
and  173*  to  175'  respectively  (vidf  p,  43),  being  prfKluced  from 
the  other  two    acids;    but  these   crystallisalple    yltimate  oxida- 

•tion    products    are    apparently    not    formed    in    the    "  boiling  '* 
process  at  all ;  and   even    if  contained   in   the   dried  skins  are 
certainly    not    the   constituents   giving    the    peculiar    physical 
prop>erttes  to  these  substances.      iMoreover,   the  proportions  of 
:>rygen   and    water   requisite   to   be   taken   up   by    linolic   and 
olenic   glycerides   in    order  to   convert   them   into  free   oxy- 
•ic  acids,  are  greatly  in  excess  of  the  increment  in  weight 
Brved  to   take  place  fin  ring  the  drying  of  oils  of  this   class 
134)  ;  whilst  the  skins  are  founfl  to  l>e  susceptible  of  some 
Je4^re^  of  saponification,    furnishing  glyceroL      Hence  it  would 
i?m  prttbable  that  the  essential  constituents  of  dried  skins  are 
mixture  of  polymerised  glycerides  (possibly  more  or  less  hydro- 
Jj**ed)  of  acjtts  derived  from   linoUc,   linolenic,   and  isolinolenic 
crids  by  oxidation  processes  not  carried  so  far  as  to  produce  the 
rariotis  oxystearic  acids  obtainable  by  means  of  alkaline  perman- 
.*     That  some  of  these  substances  are  of  a  feebly  acid 
cter,  or  at  any  rate  are  capable  of  forming  salts  by  the  action 
metallic  oxides,  is  suggested  by  the  well-known  £ict  that  the 
effect  of  basic  matters  like  white  lead  (basic  lead  wirbonate)  and 
Ixinc  white  (chielly  zinc  oxide)  on   the  paint  prmluced  by  their 
lixture  with   drying  oils   is  different  in  many  respects  from 
Ihat  of  neutral    pigments    like    lead    sulphate  and   sulphate   of 
irlum  ;  in  practice  these   latter  are  found  tn  be  far  less  suitable 
^r  the  production  of  firm  adherent  coats  tliat  will  stand  ordimiry 
%r  and  tear,    which   is   usually  considered  to   be  due  to  tlje 
nee  of  the  metallic  salts  contiiined  in  white  lead  and  zinc 
fie  paints,  fonneil  by  tbti  neutralisation  of  acids  developed  by 
oxidation^  or  possibly  by  the  saponilication  of  glycerides. 

The  drying  qualities  of  an  oil  appear  to  be  the  more  marked 
ba  greater  the  proportion  of  linoleiiic  and  isolinolenic  acids  lit 

•Fahriuii  (ZtU^h.  f,  an^tit.  Chtm.,  ISOI,  p.  'j40  ;    1892,  p.    171)  ho«ls 

that  ihf  acida  formed  on  supouification  nf  l^olled  linseed  oil  wlicrc  partial 

<iicld.%tion  !i.ifi  taken  place  are  not  wholly  soluble  in  light  petroleum  spirit, 

|wherca4  thft  fatty  aci<Js  of  unoxirlUed  oil  are  refidily  soluble  therein;  from 

1'6  tJ3  31  G  of  3nch  insoluble  jvctds  were  found  in  JitTerent  samples  of  oil* 

The  proportion    prettent  appcivrs   tn  be  the  grtuUer  the  more  marked  the 

jciucnt  in  *'  iodine  Jihsorlung  power'-  produeed  l>y  the  oxidation  process. 

^'  '■  oxyocidi^*  rendily  di.^^solve  both  in  alcohol  and  in  ether. 
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present.     Hazura  and  Griissner  deduced  the  following  perceufi 
from  the  relative  proportions  in  wliicli  the  oxystearic  acids  ' 
produced  on  oxidising  the  liquid  fatty  acids  of  linseed,  hemp  see 
nut,  poppy  seed,  and  cutton  seed  oils,  the  Kolid  acids  bein^  pre-" 
viously  separated  hy  conversion  into  lead   salts  and  treatment 
with  ether  (p.  112). 


Linol«ilc 
Add. 

Add. 

Llsollo 
AiW, 

OlekAdl 

i  Linseed  oil,   . 

15 

G5 

15 

5 

Hemp  seeil  oil, 

15 

70 

15 

Nut  oil, 

13 

80 

4 

Poppy  seed  oil. 

5 

a5 

30 

Cotton  seed  oilj      . 

60 

40 

Bauer  and  Hazura  rei^tird  the  drying  uf  nils  us  LeiDg  mainly 
due  to  the  linolenic  and  isolinolenic  acids,  which,  by  taking  up 
oxygen,  become  converted  into  the  '^oxyliiioleic  acid  '  of  Mulder, 
which  they  regard  as  Cj^H^qO^.  For  the  most  part.,  however,  the 
giyceridic  character  of  tlie  product  is  not  destroyed  during  the 
oxidation,  so  that,  instead  of  free  acid,  a  neutral  body  results, 
substantiidly  the  *Minoxyn  *'  of  Mulder,  but  teroietJ  by  them 
hf/dro.t'^lino/eiH.  Small  quantitieH  of  free  fatty  acid.s  are,  however, 
developed  Ijy  the  decojjiposition  of  the  glyce rides  of  the  solid 
fatty  acids  present  {myricin,  palniitin,  ttc.) ;  the  glycerol  of  these 
glycerides  Ijeing  converted  int^  carbon  dioxide  and  other  volatile 
products. 

According  to  experiments  by  Cloez,*  the  effect  produced 
prolonged  exposure  to  air  of  a  drying  oil  is  not  quite  so  sirn 
as  would  appear  from   the  above,     Tiie  foUowing  figures  w< 
obtiiined  with  linseed  and  popf>y  seed  oils,  the  final  increment 
weight  lieing  a  little  more  than  7  per  cent,  in  each  case  afler 
eighteen  months  :^ 

LlNSEEU  Oiu  ' 


tik 

I 


Jhtom  Exposure. 

AfUr  Oi{d«iloB. 

c^sr.a.  «SS* 

Carbon,       . 
Hydrogen, . 
OxygeD,      . 

77-57 
11-3:* 
1110 

07-55 

9-8S 

25-37 

72-30 
10-57 
24-ia 

100 -00 

100  00 

107*03 

BviUiin  Soe.  ChimiQUe  de  Paris,  1865,  iii.,  p.  49. 
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Poppy  Seed  Oil. 


Before  Ezpotore. 

After  Oxidation. 

-D>»»..*.<».        ■  Calculate*!  per  100 
r«S^!?f^       1  P»rt«  of  Linked  Oil 
Compositioii.           urigiually  used. 

Carbon,       . 
HydrogeD, . 
Oxygen,      . 

77-50 
11-40 
11  10 

66-68 

9-94 

23  38 

71-38 
10-64 
25-03 

100-00 

100-00 

107-05 

The  original  oils  thus  had  a  composition  closely  akin  to  that  of  a 
triglyceride  of  an  acid  of  formula  CjgHgoOg  (p.  33),  requiring 
carbon  77-90,  hydrogen  11*16,  oxygen  10*94;  during  oxidation, 
from  yV  to  ^  of  the  carbon  disappeared  and  not  far  from  the 
same  proportion  of  hydrogen.  Even  if  the  whole  of  the  glyceridic 
part  of  the  oil  had  been  oxidised  to  volatile  products,  only  ^^  of 
the  carbon  would  have  disappeared ;  so  that,  obviously,  carbon 
dioxide,  or  acetic  acid,  «fec.,  must  have  been  formed  at  the 
expense  of  the  fatty  acids  present,  indicating  a  more  deep-seated 
oxidation  change  than  the  simple  absorption  of  oxygen,  con- 
verting the  glycerides  of  linolenic  and  isolinolenic  iicids  into 
hydroxy  linolein. 

With  castor  oil  Cloez  found  the  gain  in  weight  after  eighteen 
months  was  much  less  marked  (2-68  per  cent.) ;  whilst  only  a 
practically  inappreciable  amount  (0-4  per  cent.)  of  the  original 
carbon  had  disappeared.  Intermediate  results  were  obtained 
with  a  semi-drying  oil,  sesame  oil,  the  gain  in  weight  in  eighteen 
months  being  4*83  per  cent.,  and  the  loss  of  carbon  about  ^^  of 
the  original  amount. 
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Oils  containing  unsaturated  acid  glycerides,  more  especially 
olein  and  its  homologues,  or  ricinolein,  often  undergo  a  marked 
change,  when  treated  with  nitrous  acid,  becoming  more  or 
less  solidified  without  alteration  of  composition.  Gaseous 
nitrous  anhydride  (fumes  from  nitric  acid  heated  with  starch 
or  arsenious  anhydride)  will  produce  the  reaction,  or  agitation 
with  substance  containing  nitrous  acid  dissolved — e.g.,  red  nitric 
acid,  solution  of  a  nitrite  recently  acidified,  copper  or  mercury 
recently  dissolved  in  nitric  acid,  or  even  nitric  acid  warmed 
until  it  begins  to  act  on  the  oil.     Of  these  the  liquid  originally 


1J8 


r^as^  WAJuOt  bcl 


hr  duaolving  1 2  part.^  by  w( 
!T  iB  la  of  eM  Aitric  acid  (spc  gr.  1-35),  is  the 
iy*  t  cc  of  tke  fre^  de^  green  liquid^  atid  50  of  oil 
I  tc^i^Ftbcr  in  a  bottJe  «t  ialert«ls  for  about  two  buan, 
At  tJbe  cttd  <€  wkkk  tiaw  Ibe  meHtm  m  ncftrij  complete,  althoo^ 
;  msaaXix  b>o<i»ei  stifier  or  haider  on  staDdin^  t weDtr 
OitT«  6tk  of  |;r»od   quJity  thus    treated  gives  » 
~    iMkRl  ""fiaiHin;^  anKlits  and  Uud  oiU 
[  tittle  niftfior  in  gliliWMa ;  muslard,  rape,  eiemm. 
Oils  give  soUer  products,  vuj- 
_  _   &aai  m  stiiT  battenr  mass  to  a  rulxture  of 

fiBtf  ymJaU.  witk  alii]  flwi   substance  :    whilst   linseed  ai^ 
ot^er  tnring  oik  ar«  ocwapagativigly  little  affecteil 

A.  R.  JUm  daniieB  the  more  iiiip>rtant  fixe<l  oils  as  follovit, 
f  wiA  ^bm  plijaioal  ehazmcter  af  the  product : — 


PmiwIlJH 


BapeoiL 

MartMdotL 
Sttam^oil. 
CaHon  9e«doiL 
Sunflower  seed  otL 
Xiger  seed  oiL 
Ood  liver  o;l. 
Wh&le  oiL 
PkMrpoisecML 


hbtald 


Linseed  oiL 

HempeeedoiL 
Walnut  oil 


latuH' 
ledn 


In  certain  cases  (more  especially  with  olire  oil)  the  natun* 
and  coiistsl4*ncy  of  the  elaidin  formeti  on  treatment  with  nil 
acid  alTords  a  useful  means  of  detecting  the  presence  of  ad^ 
ations  with  oils>  of  different  chjiracter.  In  all  such  cases^ 
most  satisfiictory  re^iult^  are  obtained  when  the  oil  ejcauuined 
tested  side  by  side  in  the  same  way  with  sampler  of  oil  of 
standard  purity,  and  of  the  same  mixed  with  known  proportions 
of  other  oil&.t 

The  free  fatty  acids  obtained  by  saponifying  oils  and  decom* 
posing  the  resulting  .S(iap8  with  a  mineral  acid,  are  aflected  hj 
nitrous  acid  in  similar  fashion^     Attempts  have  been  made  to 

•  Archhntt  {Joitm.  Sor.  Chftn.  Intl,  \Sm,  p.  ^:\)  diflaolves  18  grammes 
of  mercur)'  in  15  6  c.c.  of  nitric  acid,  «p.  gr.  1 '42  (22'2  grammes  of  acid), 
and  uses  1  part  of  the  resnitiny:  grpen  iliiid  to  12  of  oil  (by  weight). 

t  There  ii  often  great  ditliculty  exi>orienceil  in  obtaining  absolutely  pw» 
tftntples  of  oil  for  use  as  staiidAnls.  In  many  cnses  it  is  only  posBifalt  to 
obt^kin  such  standard  substances  by  actnal  expression  of  hand-picked  satds* 
Ac.f  in  the  laljoratory,  and  subsequentlj  riftining  the  prmluct;  but  this  is 
not  readily  practicable,  unless  a  plentiful  supply  of  pure  seed  is  tc 
as  well  as  a  good  form  of  small  ex}>eninental  or  Laboratory  prf»au 
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ntiliae  for  candle'iimkiiig   and   other  purpfn^es   the  jMjlynierised 
I  solid  acids  of  higher  melting  point  thus  formed ;  hut,  hitherto, 
rarious  practie4*l  tlitKculties  have  stciod  in  the  way  of  utiliauig 
'the  pnjdacts  efteotively. 

liegler's   Consistency   Tester. — I.egler   has   constructed  a 

simple  form   of  apparatus  by  means  of  wliicli  ci^mparative  t€8tu 

can    be  made  of  the   ilep^ee  i»f  consistence  u(  the 

elaidin  mas.s  produced  when  any  given  €iil  sample 

is  treated  with  nitrous  acid.     It  consiiits  of  ]>iece  of 

glass  tubing  narrowed  at  one  end  {Fig.  '30) ;  through 

the  tube  passes  a  glass  rod  supported  by  means  of 

•  spiral  spring,  and  furnished  with  a  horizontal  disc 

&n  the  top,  so  that  Ity  placing  weights  on  t!ie  disc 

the  end  of  the  rod  is  depressed  to  an  extent  pn*- 

nrtionate  to  the  weight  added.     The  outer  tube  is 

beld    vertically    by    a    suitable    clam[>    holder,    so 

Jjuated  that  the  bluntly  pointed  end  of  the  rcxl 

|u:Ht  rests  on  the  sm-f*;u;e  of  the  elaidin  to  be  tested. 

measurement   is   made    Vjv    pkicing   a   given 

ght  on   the  disc  ;uid  noting  how   far  the  rrxl 

ts    intfj   the   elaidin    in   a   given    time    (^.*/.,    a 

linute),  bj  reading  off  the  level  on  a  scale  the  zero 

>int  of  which  is  level  with  the  top  of  the  uuler 

Itibe   when  the   disc  is  unweighted.     The  elaidin 

samples    are    i>est    prepared    by    mixing   togetln^r 

^10  cc.  of  oil,  10  c.c.  of  nitric  acid  of  ^5  per  cent., 

md  1  grm.  of  copper  wire  or  turnings,  and  allowing 

Kt  Stand  twenty -four  hours;  tlie  mass  is  fused  by 

lipping  the  cont^dning  vessel  in  warm  water  t^o  as 

bring  ahuut  complete  separation  of  elaidin  and 

ratery  fluid,  and  the  former  i**?ninved  ami  allowed 

solidify.     T(j  obtain  comparable  results,  a  uni- 

[>rni   method  of  manipulating  should  he  adojHcd, 

ae  samples  tested   being  examined   side   liy  siiie 

rith  others  similarly  prepared  from  genuine  oils  or 

aovm  mixtures. 

Exposure  of  olive  oil  to  sunlight  greatly  diminishes 

[le  solidity  of  the  elaidin  formed  from  it ;  the  nature 

'  the  change  brought  alx^ut  is  uncertain  ;  probaljly 

Dxidation  takes  place  with   formation  of  oxyolein   (ur  ]x>ssibly 

linolin),  as  the  insolated  oil  devehips  more  heat  by  the  action  of 

sulphuric  acid  than  the  (original  oil  kept  in  darkness  [vidt:  p.  KH). 

Nitric  Acid  Test. — When  fixed  oils  are  brought  into  contact 

rith  nitric  acid  a  comj^lex  eli'ect  is  often  prothiced  ;  oxidation  of 

part  of  the  oil  by  the  acid  is  brought  about  with  the  evolution 

lower  oxides  of  nitrogen,  which  convert  the  f>lein  constituent 

,  the  oil  into  eUiidim     In  some  cases^  characteristic  colours  are 

need  with  oils  of  pure  nature,  so  that  a  comparison  of  the 


Fig.  30. 
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substance  testiHl  with  a  pure  standard  substance,  or  with  a  known 
mixture,  enaljles  deductions  to  be  drawn  oa  to  the  nature  of  the 
admixture  or  tululteratiou  present.  This  kind  of  teat  ia  tnore 
especially  useful  in  the  case  of  olive  oil ;  thus,  when  puf* 
<»live  oil  is  treated  with  one-ninth  its  volume  of  nitric  acid 
of  np.  gr  I '4:-',  the  mixture  being  gently  warmed  in  a  cupaciotis 
diah  until  the  acid  Iwgins  to  act  pretty  vigomusly,  and  then 
stirred  briskly  (tlie  source  of  heat  Ix^ing  removed)  until  m* 
further  action  ia  visible^  a  pale  yellow  solid  mass  is  formeii 
after  standing  an  hour  or  two;  whereas,  if  cotton  seed  oil  be 
present »  a  much  darker  tinted  product  is  formed,  which  docs 
not  Het  so  readily ;  and  similarly  w*hen  various  other  oils  are 
present. 

A,  H.  Allen  gives  the  following  table,*  indicating  the  di' 
tests  developed  when  several  of  the  commonest  oils  are  ie-' 
the  following  ways  :— 

a,  iiuadiconics  3'est,  as  extended  by  StoddarU — ^ Agitate  to- 


on. 

1                 m. 

«. 

1 

1 

Olive  m\y 

Colourleaa  or  trail' 

Colourleae,  yel- 

Broad bright 

fiient  yellow. 

lowish,  or 

bluish  green 

greeuiflh. 

zone. 

Almouil  oil,    , 

Nearly  colourleia. 

Colon rleaa  or 

1  Narrow  l>n|;ht 

chuiigitigtufloliil 

aligbdygrecniah. 

1     creen  zone  ;  oil 
Socculent  or 

white  inasfi. 

opaque. 

Anichis  oil^     . 

•  •» 

ReddUh. 

... 

Vi'i\^\\  kernel  oil, 

••« 

Immediate  red 
liniment. 

... 

Rape  i\\\. 

Rett  or  orange* 

Reddhh  ororange 

,.. 

8t?»aiiie  oil, 

YellowiRh  or 
orange. 

Cotton  seed  oil, 

Red  or  orange. 

Reddish  or  orange. 

Brown  red, 
greenish  beto«. 

Niger  aecil  oil, 

Red  or  orange. 

Brown  or 

hrowniih  rml. 

Linsee^l  oll^     . 

Retl  or  orange. 

Red  or  orange. 

Green  «one,  oil 

rod. 
Dark  greeniQlie, 

oil  pink. 

Poppy  seed  oib 

... 

neddiah. 

Hemp  seed  ojl^ 

Brow  ni  all  rc<L 

Ca»t4>r  oil. 

Traiiatent  yellow.  : 

Yellowish  or 
orange. 

... 

L&rd  oil, 

Colour  lea*  or  tran- 
aient  yellow. 

... 

••• 

^\^liale  oil,       . 

Dark  red. 

.*# 

■•* 

Seal  oil,  . 

Dark  red. 

*♦. 

••* 

Cod  liver  oil,  . 

.-,, 

..■ 

Brown  red. 

noaiii  oil, 

Reddish  brown. 

... 

»♦* 

Minerai  oil,     , 

Dark  red. 

... 

•  Commfrrtal  Orfjanic  AnalgMbt^  voL  ii.,  p.  61. 
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aer  frt>iii  3  to  5  measures  of  the  nil  with  1  of  nitric  acid  of 
citic  gravity  1-3-.  Heat  the  tube  for  five  minutes  in  Ixniing 
water  ;  then  take  it  nut  and  alluw  it  to  stand.  Observe  the 
colour  of  the  oil  from  time  to  time  for  one  and  a-half  hours, 

h.  Mastfie's  Test. — Aja^tate  3  measures  of  the  oil  for  two 
minutes  with  1  lueaaure  of  colourless  nitric  acid  of  specific 
gravity  l*-tO.     Observe  the  colour  of  the  oil  after  separation. 

c  GiiU^iiern  Test. — Pour  the  oil  cautiously  into  an  equal 
measure  of  red  fuming  nitric  acid,  and  observe  the  colour  of  the 
oil  and  of  the  zone  which  forms  between  the  oil  and  the  acid 
liquids 


ZINC  CHLORIDE  REACTION  AND  COLOUR  TEST. 


Some  oils,  more  e^^pecially  cantor  oil,  when  heated  in  contact 
with  a  highly  concentrated  soluti<jn  of  zinc  chloride,  Iccouie 
csonverteil  into  a  gristly  Jna-ss,  which,  on  treatment  with  water 
to  disaolve  out  the  zinc  chloride,  more  or  less  breaks  u]^  into 
Oirtilaginous  or  iibrims  portions,  which  swell  up  largely  to  white 
maas^  closely  rejKembling  ra-^ped  cartilage,  the  oil  hein;^  eora- 
pletely  soliditied  by  the  process.  Apparent!}  ,  the  chemical  action 
coDBists  chietiy  of  j:K>lyiiierisatif)n,  somewhat  after  the  faHhitm  of 
ihe  etaidin  reaction,  possibly  iiccoinjjanied  by  dehydration  ;  by 
long  continued  Ixjiling  of  the  prrnluct  with  alkalies,  partial 
flapomJication  is  effected,  glycerol  being  set  free. 

To  produce  the  most  gristly  product,  the  following  process 
may  Ije  followed:* — Zinc  chloride  solutionis  boded  down  until 
the  boiling  temperature  rises  to  about  170°  C.  or  upwards,  the 
composition  of  the  fluid  then  bein^]?  close  to  tliat  indicated  by 
the  fomiula,  ZnCl^,  H^O;  or  slightly  less  hydrated.  Three  purts 
of  this  fluid  by  weight,  and  one  of  castor  oil  are  then  well 
intermixed  together  at  a  temperature  of  125°  or  therealxiuts  ; 
the  oil  speedily  Ijecoiiies  more  viscid^  and  then  coagulates  to  a 
leathery  mass  resembling  l>u Hock's  liver,  but  tougher,  mostly 
sepaniting  from  the  zinc  chloride  in  so  doing.  This  mass  is  then 
chopped  up,  soaked  in  water  till  disintegrated  to  a  mass  some- 
what resembling  coarsely  scraped  horsenwlish,  drained  from  zinc 
chloride  solution  and  washed,  when  it  is  in  suitJilile  condition  for 
use  in  the  m*anufacture  of  india-ruljher  substitutes,   insulating 

Boatings  ffir  electric  lejids,  kv. 

Hr  By   using   weaker    zinc   chloride,   or    smaller    ]>roportions,   or 
lower  temperatures,  the  action  cjin  be  controlled  and  stoppeil 
goin;f  quite  so  &r,  so  as  to   produce   substances  of  leaa 
lilaginous   and   more   plastic  character ;   or  other  oib,   less 

Patent  specification,  f^SO,  ISSd,  Muirliend  and  Alder  Wright 


149 


OITJS,   FATSj    WAKEB,    ETT. 


readily  acted  npc»n,  may  l>e  mixed  with  the  castor  oil ;  or  ivsin, 
Kanri  gum,  and  similar  subsitAnces  may  be  aimilarly  admixerl 

Coloirr  Test,— When  zinc  chloride  laolution  of  somewhat 
lesser  strenj^th  (of  thick  syrupy  cf^usisteuce  when  oold)  is  njixed 
with  certain  oils,  colours  are  developed.  Mtit-er  givo§  tht 
following  tiible,  founded  on  the  results  of  Chateau  :* — 

To  10  drops  of  t!ie  oil  in  a  porcelain  capsule,  add  5  drop  uf 
syrupy  xinc  chloride,  and  stir. 


WhUn  OT  •CMTdy  ftllM«d.              Teller.  B-kl,  or  Brown. 

Green  or  OliseShate, 

Poppy. 

Unseed  (Engliah),  J 
Rape.                        yellow. 

Linseed  (foreign), 

Nut. 

hluish  fireeo. 

Almond  (hot  pressed). 

Gnmndnut,             | 

OliYe,\^^ 

Gingelly. 

Castor,  rose  vellow. 

coim,  r*^'**^ 

Cokcraiit. 

Beech,  flesh  rose. 

Gold  of  pleasure 



Cotton,  browTj. 

(camelinsK  psle 

Neat's  foot. 

— . 

l^reexi. 

Lard, 

Whale,  yellow  bmwn. 

Almond,  milky  with 

Horso  boiic. 

Fisli,  orange  yellow. 

green  tinge. 

Sperm. 

Whale  (sometimes 

Seal,  red  brown. 

Cotl  liver  (hot). 

pale  violet  tinge). 

green. 

Cod  Hver  (cold). 

Action  of  ZiBC  Chloride  on  Oleic  Acid. — ^Zinc  chloride, 
when  licateil  with  oleic  acLd»  converts  it  into  a  solid  isomeride 
closely  resembling  e laid ic  iicid,  liut  not  identical  tlierewith  ;  thus. 
when  oleic  acid,  mixeil  with  10  per  cent,  of  its  weight  of  nd/c 
chloride^  is  heated  to  180^  to  185"  (but  not  exceeding  195*)  for 
some  time,  the  tran^iformation  in  so  far  com  pi  eta  that  a  sample 
taken  out  nml  treated  witli  hut  dilute  hydrochloric  acid  yields  a 
layer  of  fatty  acids^  solidifying  on  co*jling.  By  diluting  with 
water  and  subjecting  to  distillation  with  superheated  steaui  (or 
under  diminished  pressure),  a  liuttery  mass  in  obtained  which^ 
on  pressing  (first  cold  and  then  hot)^  finally  yields  a  haid 
crystallisable  material  of  melting  point  41°  to  42°,  suitable  for 
making  certain  kinds  <*f  cjindles  not  requiring  fatty  matter  of 
high  fu.sing  point  (Schmidt's  process).  Benedikt  obtiiined  ihc 
following  results  on  analysis  of  the  product^;?  thus  forrnefl  :^t 

A.  Crude  prmluct  obtained  by  boiling  the  heated  mass  with 
diluted  bydroeblorie  .und. 

B.  l*roduet  of  iliKtillation  under  diminished  pressure. 

r\  Solid  niaRs,  after  pressing  until  the  melting  point  rVB0$  to 
4r  to  42\ 

*  Spoti*8  Encydopatdia  of  ArU  and  Mamt/aciurfHy  ii.,  p.  1473. 
iJourn.  Soc>  Chem*  Ind.,  1890,  p,  (558;  from  Mo-foUK  1890,  ii-,  p,  7h 
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A. 

B. 

C. 

liquid  anhydride,     .... 

StearoUctone, 

Ozystearic  acid 

Oleic  and  isoleic  acids, 
Saturated  fatty  acids, 
Unsaponifiable  matters,    . 

8 
28 
17 
40 

7 

43*3 
121 
13-6 

75-8 

l'5'7* 
8-5 

100 

100  0 

100-0 

The  " unsaponifiable  matters"  contained  in  B  were  mainly 
liquid  hydrocarbons  of  the  olefine  series  (carbon  =  84*1,  hydro- 
gen =  13-7,  oxygen  =  2*2). 

It  would  appear  that  the  general  character  of  the  main  action 
is  that  zinc  chloride  directly  combines  with  the  oleic  acid,  and 
that  the  resulting  compound  (or,  possibly,  pair  of  isomeric  com- 
pounds) is  partly  decomposed  again  into  oleic  and  isoleic  acids^ 
and  partly  hydrolysed  with  formation  of  oxystearic  acids,  more 
especially  the  y  acid,  which  then  loses  the  elements  of  water, 
forming  stearolactone  (vwfe  p.  39);  the  hydrolytic  action  pro- 
bably being  as  follows  : — 


Olele  Acid.  Zinc  Chloride. 


Compoand  of  Zinc  Chloride 

and  Oleic  Acid. 

Ci8H8402,ZnCl2. 


Compoaod. 
C,8H340,,  ZnCla        + 


H,0 


=        ZnClj 


Oxystearic  Acid. 


In  all  probability,  similar  reactions  occur  when  glycerides 
containing  olein  are  saponified  by  means  of  sulphuric  acid,  the 
yield  of  liquid  oleic  acid  in  the  products  finally  obtained  by 
distillation  with  superheated  steam  being  very  small. 


ACTION  OF  SULPHURIC  ACID   ON  OILS  AND  FATS. 
TURKEY  RED  OILS. 

When  sulphuric  acid  is  added  to  a  fixed  oil  or  fat,  various 
kinds  of  effects  are  produced  in  different  cases;  in  many  instances 
distinctive  colours  are  developed,  due  not  so  much  to  the  action 
of  the  acid  on  the  glycerides  themselves  as  to  that  upon  other 
bodies  accompanying  them  in  small  proportion;  this  is  especially 
marked  in  the  case  of  certain  fish  liver  oils  where  biliary  con- 
stituents are  present  (vide  infra).  In  other  cases  action  occurs 
between   the  acid  and  the  glyceride,  producing  more  or   less 

•  Isoleic  acid  only. 
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marked  heat  developaient,  sometimes  leacLiiifif  to  charrinjf  and 
deatriiL'tioti,  sometimeH  to  leas  deep  seated  changes  of  n  deiinit4? 
character.  Thus,  when  oik  iiiainly  coiiHistini;  of  olein  are 
cautiously  mixed  with  aulphuric  acid  hydroly^sis  ensues,  tk 
re.Hultin^  glycerol  lieing  more  or  less  converted  into  tfltfcro'^ 
mdphurk  acki^  much  as  ordinary  alcf>hol  is  into  ethylsulphurf 
acid. 


A1(!»oho1. 

Olycernl. 
I  OH 

(oh 


^5ulphu^^e  AcUl 


80, 


(OH 


-*  \OJi 
Sulphuric  A«9kl. 

SO. 


(OR 
tOH 


Ethylsii1ptiurt(*  AHil 
^^'3  i  OH 
GlyceroBulpburie  Acid, 

„0   fO.C,HjtOH)s 


-         H-0 
Wtttf. 

^      H,0 


Simultaneously  the  oleic  acid  is  acted  upon,  direct  coinbiTiAtioR 
taking    place  between    the    two  acids*   with    the  formation  "f 

*  AceonUng  t«^  MiiUer-Jucobs^  the  prcwluct  tluia  formed  contaiiu  llic 
cletnetits  of  sl  molecule  of  water  leas,  C|hHj40jS  iiwteai;!  *»f  Ci^H^ii^OftS  \  &oJ 

is  represented  by  him  as  a  sorb  of  su) phonic  acid,  Ci^H^^  !  ro'  OH"  l'^^*^^'^ 

up  uii  liydrolyais  with  the  forumtion  of  oxyatearic  acid,  Cj-H.-;* -[  p.  |  qji' 

oxy  oleic  acid,  Gj^Hg^  [  -,q    .ju  being  also  fomietl,  probably  by  a  aecoodary 

action.  Ceitel  considtira  that  a  mixed  glyceride  ia  formed,  purfe  of  the  three 
oleic  rttdicbs  l>eing  modirted  by  direct  Addition  of  sulphuric  acid  thereto  so 
as  to  form  a  £;lycenile  where  tlie  radicle  of  oxyBtearo»ulphuric  acid  pBrtlf 
replaces  the  oli^tc  radicle,  eapouifi cation  of  the  glyci?ride  not  taking  pUct, 
at  any  rat<^,  at  first. 

Lieehti  ami  Suida  also  consider  a  mixed  glyceride  to  lie  the  first  product, 
contain iog  ^nuultaneou^^ly  the  radicles  of  sulphuric  and  oxysteanc  sddt, 
thus — 


2C3H, 


Triolein. 


OXiaHaaO 
O.C,«H3,0 
0,C«H,;,0 


Walef, 


Sulpbario  AoIJ. 


+    4H.0    +    SOi(OH)i    = 


Oleic  Add. 
iC.ftHsiOji 


Ox7at«%rtmi1lpbiiHc 

C,H-  HH 

C,Hi  \  OH 

{ O.C.gH^O 


Simultaneoualy,  they  reeard  an  aualogous  mixed  diglyeeride  as  ^_ 
formed,  con  tain  iag  lUe  radicle  of  oxyoJeic  acid  (CjflHaiO^)  instead  of  that 
of  oxy stearic  acid  (C,fiH3,'j(>2).  tbiis  aubatance  being  produceii  in  virtue  of  aui 
oxi<hsiiig  action  exerU'd  by  the  sulphuric  acid,  w*hereby  SO^  is  evolired. 

liuiBniuch  as  practically  no  glycerol  is  obtainable  from  Turkey  red  oil  by 
fiaponification  (beyond  what  i»  due  to  iindeoomimaed  origLual  oil  present 
therein),  whilst  free  oleic  acid  gives  pro<luet«  aimilar  to  thoec  prepared  frwn 
olive  oil  (the  more  free  acid  contained  in  the  oil  thtj  better  it  i^  suited  for 
the  purpose),  it  is  obvious  that  these  mixed  glycerides,  even  if  fomifd 
under  si>ecial  conditions,  arc  at  any  rate  not  the  main  constituenta  of  tbo 
commercial  products. 
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Ololc  Acid. 


SolphaHc  Aeid. 


Oxyitecroiulphurtc  Acid,  Waler. 


^ 


This  product,  being  a  saturated  compound,  does  not  combine 
with  iodine  like  the  original  oleic  acid  {Benedikt  and  Ulzer); 
under  the  influence  of  liydroly.sitig  agents  it  breaks  up  iuto 
oxystearic  and  sulphuric  wcids^  thus  * — 

OxyBtfttfoftilpharlc  Add.  Wftter,       Smlpbtiric  Acid,  Oi^iteArlc  Add. 


H,0    .  SO,j^}J  +  ^*nH3*{g^,H 


f^   f  0  .  CnH,4  XO  .  OH 

Products  containing  more  or  less  nxyatearosulphuric  acid  and 
the  oxy stearic  acid  thence  formed  by  hydrolysiSj  together  with 
unchanged  olein,  and  some  free  oleic  acid  (also  whatever  solid 
^■fiitty  glycerides  were  originally  present  in  the  oil  employed  and 
^Khe  pnxluctji  of  the  actioti  of  sulphuric  acid  thereon)  are  manu- 
^Bkctured  from  olive,  cotton  seed,  and  similar  oils  chiefly  conaiating 
^^^f  olein,  ibr  use  in  dyeing  and  calico  printing,  especiaJly  in  the 
production  of  *' Turkey  red,"  whence  the  name  "Turkey  red 
oils "  applied  to  these  products ;  the  free  acidity  is  usually 
partially  or  wholly  neutralised  ))y  cautious  addition  of  aninionia 
ur  other  alkali  to  the  oil  after  washing  with  brine  or  water. 

Anotlier  variety  of  Turkey  i*ed   oil,  considerably  superior  for 

ome     special    applications,    is    produced     when    castor    oil    is 

aployed    instead  of  olcincont4iining   oils.     According   to   the 

enerally  received  view,  the  chief  action  of  the  sulphuric  acid  is 

cisely  analogous  to  that  on  ordinary  alcohol  ;  the  glyceride  is 

^ydrolysed   into  glycerol  and  ricinoleic  aeid,   the  former  l>eing 

Bore  or  less  converted  into  giycerosulphuric  acid,  hh  above  ;  the 

ricinoleic  acid  reacts  on   the  sulphuric  acid   in  a  parallel  way^ 

I       forming  riciftoieositJphuric  ariti^  thus — 

^^L  Rkluoirk  AcUL  Svilplmric  A<  l^L       \y»let.  Riclao]i>Ei«u]pbtirlc  Add. 

■     r   H     ^*^M  4.  sr>   Z*^"^  -  HO  4-  r   h     (0.80,.  DH 

the  resulting  product  di tiering  from  that  formed  from  oleic  acid  in 
that  it  contains  H.,  leas,  and  is,  therefore,  an  '^unsaturated"'  com- 
pound, capable  of  talking  up  iodine  or  bromine  in  the  sfime  manner 
as  the  original  ricinoleic  acid  itself  (lienedikt  and  Ulzer).    Accord- 

W,  caator  Turkey  red  oil  is  capable  of  taking  up  oxygen^  and 
fally  of  Ijehaving  in  ways  not  observed  in  the  case  of  olive 
ey  red  oil ;  which  circumstance  renders  it  more  suitable  for 
certain  particular  applications  in  relerence  to  dyestufFs,  ttc. 

•  The  effect  of  fiiilplniric  acid  in  decomposing  fatty  glycerides,  together 
I  with  Uie  hydrolyiiing  aotion  of  water  on  the  product,  is  ntiliBed  m  the 
^npreparutioii  of  ciiiidle  material  ;  h  larger  yiuld  of  solid  matter  la  thus 
^^Ebt4imed  than  l>y  the  ordinary  aajionilicatLon  processes,  on  ^lecoiint  of  the 
^^■^|on>ion  of  licjuid  oleic  acid  into  Rolid  BubBtHUces.  According  to  (JeiteU 
^^^^^m^lraric  neiii  (v.  39)  is  usually  pro<luced  {intfr  alia)  by  the  hydrolyaia 
^^HHb  compouad  oi  okic  acid  with  Bulphuric  tkcid,  which  immecliAtely  splits 
np  into  wEt«r  and  stearoUctooe. 
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A  somewhat  diHerent  view  uf  the  action  nf  sulphuric  acid  OB 
[  castor  oil  has  been  lately  put  forth  by  Seheurer  Ke^tner^utbi 
!  result  of  his  investigatitms.  After  the  glyceride  has  liecn  hydro- 
lysed,  he  Jiixds  that  part  of  the  resulting  ricinoleic  acid  l>eooiD<* 
"  polymerised "  {or  more  accurately,  dehydrated  and  **  con- 
densed "),  so  as  to  form  a  more  complex  molecule  of  dirieinol^ir 
aridf  which  is  then  acted  npon  by  sulphuric  acid  so  as  to  fonn 
fliririitof^oHii/p/ntric  acid  ;  the  reactions  may  be  written  thus — 


]lk]n<i.N«k  Acid  (2  tiiole<mle«) 

Ci-Haa  {  CO  .  OH 
CkH„  jeo.OH 


=      HO 


iJlriciuoldcAc 


C, 


^^**  I  CO.  OH 


CitHm|cO\ 
P  n  ^O  I 
^'ir^««  (CO.  OH 


Siilph«ri«  Arid. 


?^0,(0H),   =   HjO    + 


I>li1daoleaMt^p[1iaru  Add. 
P    „      fO.SO.^OH 


^"\cov 


^i'Hm  ,  eo .  OH 


Obvif>ufily  tlie  dirit'int>leosijlphunc  acid  thus  farmed  is  *'«•- 
Hatu rated,"  and  is,  therefore,  capaljle  of  taking  up  two  halogen 
atoms  for  each  Cj^  present.  ^lore  or  less  of  the  diricinoleic  acid 
escapes  conversion  into  diricinoleosulphuric  acid;  so  that  in 
a^ltlition  to  unaltered  castor  oil,  ^tc,  the  resulting  Turkey  red 
oil  consists  of  a  mixture  of  diricinoleic  acid,  and  diricinoleO" 
sulphuric  acid,  together  with  some  amount  of  ricinoieic  acid  tb«t 
ha«  escaped  condensation  to  diricinoleic  acjd»  and  of  ricinoleo- 
sulphuric  acid  formed  by  the  direct  action  of  sulphuric  acid  upon 
it.  The  non-sulphurised  fatty  acids  tend  to  tlie  developmeul rf 
blue  shades  with  alizario,  whilst  the  ricinoleosulphuric  acidt  ^^^^ 
to  prcHhico  yellow  shade?^. 

Diriciuoieosulphuric  acid  is  bydrol\'sed  by  caustic  alkali,  the 
sotla  or  |K»tash  saUs  of  diricinoleic  and  sulphuric  acids  being 
formed  if  the  action  take  place  at  temperatures  Ijelow  tSO*C.;bttt 
by  prolon|*eil  l>oilinij  with  alkali,  or  treatment  therewith  tmder 
pressuiT,  water  is  t^dvcn  up  and  ordinary  ricinoieic  acid  regenerated 
by  reversal  of  the  two  reactions  above  indicated.  In  just  the 
same  way  ricinoleosulphuric  acid  becomes  hydrolysed  into  md- 
phuric  and  ricinoieic  acids,  the  action  takinq*  place  extreme!]? 
readily  in  prt^sence  of  hydrochloric  acid<  In  pre-sence  of  sulphtuic 
iicid,  Turkey  i^d  oil  is  apt  to  he  yet  further  decompoaed  oil 
Jieating,  tenanthic  acid,  intfT  alia^  being  forme*!;  hence,  in  iht 
preparation  of  the  oil  c^ire  must  be  taken  that  overheating  does  ttO( 
tiike  place  ;  and  similarly  in  wiishing  out  the  excess  of  sulphlttv 
iu'itl,  itc,  with  brine  (to  avoid  solution  of  the  soluble  eontpaond 
sulphuric  acids  formed),  othem^'ise  hydr<x*hloric  acid  i*  mfk  ^ 
lie  formetl  and  considerable  loss  of  soluble  acids  occaaiciiied  by 

*  Comvtt*  Rtndus,    \\%    pp.    135   and   ?%:*%    aIso,   Joicni.   Sbc    CIca. 
Ind.,  1S91,  p.  471. 


ACTIOX    OF  SCLPHCniC   ACID   ON  OIL*   AND    FAT.^, 


147 


hydrolysis;  sivliuni  sulplmte  is  acct»riliiij:?ly  preferable  to  so<liimi 
fchloride  as  diminishiTijj^  this  tendeDcy  U*  Inss. 
According  to  Juilliitxl*  acicis  still  more 
.  highly  "  polymerised  *  than  diric  in  oleic  acid 
Ittre  formed  when  sulphuric  acid  acts  eui 
stor  oil,  three,  four,  and  five  molecules  of 
[ricinoleic  acid  becoming  conderistHi  and  dehy- 
Kdratedf  with  the  formation  of  triricinoleu', 
lutrtif'ieitwieic,  and  pent^Jrkinoff'k  acids  re- 
tively.  He  regards  the  iir«t  action  as 
ing  rise,  by  partial  hydrolysin  and  f  therify- 
mg  action  jointly,  to  the  product, 

CO.  Cj:Hs,.  O.  S0,H 


0.( 
J  OH 
0.( 


CO.  C,;H;^.  OH 

j  which  then  loses  a  molecule  of  wat^r  forming 
^B«n  anhydride,  termed  by  him  fJivlm/hiu  std- 
^mffh  u  ric  a  nhijdride. 


I  O  .  CO  .  CuW^  ,  0  ,  SO. 
C.Hj    O— — - 

(  O.  CO.  C17H3,.  OH 


This  reacts  slowly  with    ricinoleic  acid   atul 

»isiilphunc  acids  forming  the  various  poly- 
ricinoleic  acids  above  mentinned,  and  the 
.polyricinoleo  sulphuric  acids  thence  derived  ; 
mo  that  commercial  casttu*  Turkey  red  oils  are 
highly  cfmiplex  mixtures. 

llLaumo]i6*s    Sulphuric    Acid   Thermal 
Te6t« — A   considerable   flevclopment  of  licat 

I  usually  attends  the  chemical  action  brought 
iibout  on  mixing  together  a  fixed  oil  ami 
strong  sulphuric  Jicid  ;  by  making  comjara- 
tire  o^iservations  in  precisely  the  same  way 
with  standard  pure  oils,  or  known  mixtures, 
and  the  substance  to  l>e  tested,  useful  infor- 
mation can  often  be  obtain  eil  as  to  the 
character,  and  to  some  extent  the  amount, 
rcif  foreign  admixture  pi^sexit.  It  is,  how- 
Icver,    impossible    to    lay    down    any   precise 

jres  universally  applicable  in  such  cases,  because  the  rate  of 

ction,   and   consequently  the  rise   in   temperature,  greatly  de- 

Ipends  on   the  way  in   which   the   intermixture  is  etfected,  and 

lespc*cially  on  the  strengtli  of  the  acid  used.     Commercial  oil  of 

rvitriol  varies  considerably  in  its  strength,  sometimes  containing 

•  Jmim,  Soc.  Chrm.  Ind.y  180'2,  p.  3o.i ;  from  BnlUtin  Soc.  Chim.,  Paris, 
IIS9],  a.  p.  6.m 


<'-?!i9*t^ 


Fig.  31. 
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96  tij  97  per  cent,  of  true  suJpliuric  ackl,  Hr30^,  sometimes  onlf 
90  to  91  per  cent.,  or  even  lea8»  If  the  liquid  be  boiled  in  a 
retort  under  orditmry  ritmospheric  pressure  until  about  a  quarter 
has  tlistilled  oxer^  the  residue  when  cool  enough  luay  lie  hottted 
and  kept  for  usr,  being  acid  of  aVKJut  *?t<  per  cent,  strength,* 

Fig  .HI  represents  a  form  of  apparatus  for  applying  the  teat;  a 
grarhiatef!  t'jlinder,  B,  is  provided  with  an  india-rubber  stopper, 
through  which  passes  the  stem  of  a  thermometer.  A,  so  graduated 
that  the  divisions  are  all  above  the  stopper;  a  short  piece  of 
quill  tubings  C»  also  ptisses  through  the  stopper,  serving  oa  a 
vent.  25  c.c.  of  oil  are  run  into  the  cylinder,  and  then  5  cc  of 
sulphuric  acid,  the  latter  by  means  of  a  pipette  applied  to  tJie 
side  of  the  cylinder,  so  that  the  acid  falls  to  the  Ijottoni  without 
mixing  with  the  oil.  The  Ht<»pper  and  thcnntirneter  being  in- 
serted and  the  temperature  taken,  th<*  end  of  C  is  closed  by  tli€ 
finger,  and  the  whole  shaken  up  fur  a  few  seconds  ;  C  is  imme- 
diately unelii^ed,  and  the  thermometer  watched,  so  as  to  not« 
the  highest  poiiit  to  wdiich  it  rises,  and  hence  the  range  through 
which  the  chemical  action  has  liea.ted  the  nuiss. 

In  order  to  diminish  errors  due  to  radiation  and  convection, 
a  small  beaker  may  l>e  used,  jacketted  outside  with  a  somewhat 
larger  one,  tlie  interspace  l>eing  tilled  with  cotton  w<k»1  or  fibroM 
asbestos.  50  grannnes  of  oil  and  10  c.c,  of  sulphuric  acid  art^ 
convenient  quantities,  the  two  l>ei ng  at  the  same  t^mperatare  U^ 
atart  witli ;  tlie  acid  is  run  in  slowly  from  a  pipette,  tlie  mixture 
being  vigorously  stirred  with  a  thernKuneter*  and  al>out  a 
minute  Unng  allowed  fnr  the  atldition ;  the  temperature  gra- 
dually rises  to  a  maximum  as  the  stirring  is  cun tinned,  remains 
nearly  constant  ff>r  a  short  time,  ant!  then  falls  again,  the  precis* 
amount  of  rise  depending,  tit  some  extent,  on  the  way  in  which 
the  atimixture  is  nnwle.  When  drying  oils  are  examined, 
Maumene  recommends  dilution  with  olive  oil,  so  that  the 
temperature  should  not  rise  so  high  as  to  char  the  mixture 
(paraffin  hydrocarlxins  are  regarded  by  other  experimenters  as 
preferable) ;  further,  lie  recommends  that  trials  .should  be  made 
with  ditlerent  proportions  of  oil  and  acid,  e.g.^f 
50  griiinmG»  oil  to  IH  c  c.  acid. 

100        ,.  „         18        „ 

•  Pure  **  monaliydrated*' sulphuric  ileitis  HgSOi,  cannot  be  ohtjuned  by 
evajHiration  ;  when  a  strength  cif  UH  tti  98  ii  \n:r  cent,  la  attAined^  the 
tenipcrrvture  rise 8  to  a  point  where  the  suliiataiice  dissociates  into  witer 
and  sulphur  tri*>xide»  the  latter  pasaing  off  at  the  siime  r;*te  as  tho  water 
vai>oai^  &o  tliat  acid  of  that  strength  distila  unchanged.  Pure  H,SO#  fnay 
be  ohUiined  by  adding  the  ciileiilat4?d  zoiiount  of  i^O^  to  oil  of  vitrioF, 
strengtlifued  by  evaporation  as  far  aB  j>osaible  ;  or  by  chillint^  the  acid,  ajaA 
draining  nif  the  imfroaien  mother  lienor  from  the  crystals  of  HwSUi  I  Hat 
form.  When  hcatciL  f^t).-.  is  evolved,  and  acid  of  about  US  p«r  cent,  left, 
which  thtn  distils  unchanged. 

t  Compteit  J^endtis,  xxxv,^  p.  572 ;  also  Jo  urn,  Soc.  Chem*  Ind*^  lSS<5j  p»  381. 
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The  following  table  exhibits  some  of  Maumen^'s  results^ 
together  with  those  subsequently  obtained  by  others ;  numerous 
other  analogous  values  have  been  recorded,  exhibiting  more  or 
less  marked  differences  according  to  the  particular  mode  of 
manipulation  adopted : — 


Menhaden  oil, . 
Ckni  liver  oil,    . 
Linseod  oil,     . 
Walnut  oU,      . 
Hemp  seed  oil, 
SaaloU,   . 
Whale  oil,  northern. 
Whale  oil,  sonthem, 
Poppy  seed  oil. 
Cotton  seed  oil,  crude, 
Cotton  seed  oil,  retine<l, 
Arachis  oil,      • 
Beechnut  oil,   . 
Rape  and  colza  oils. 
Almond  oil, 
Horse  foot  oil, . 
Tallow  oil. 
Lard  oil, . 
Sperm  oil, 
Bottlcnose  oU, . 
OUve  oil, . 
Castor  oil, 
Neat's  foot  oil. 
Oleic  acid. 


lisameni. 

Allen. 

Baynes. 

Archbntt 

Degrees. 

Degrees. 

Degrees. 

... 

126 

123  to  128 

102  to  103 

113 

ii'6 

103 

104  to  111 

104  to  124 

... 

101 

... 

... 

98 

92 
91 

... 

92 

*7'4 

... 

... 

86  to  88 

67  to  69 

70 

••• 

74  to  75 

77 

75  to  76 

67 

... 

... 

47to60 

65 

... 

... 

... 

57  to  58 

51  to60 

60  to  92 

55  to  64 

52to54 

..• 

35 

51 

... 

... 

41to44 

41 

... 

... 

... 

45to47 

... 

51 

... 

41  to  47 

42 

42 

41  to  43 

40 

41  to  45 

47 

65 

46 
43 

... 

38-5    • 

37-5 

Obviou.sly,  an  admixture  of  rape  oil  with  linseed  oil,  or  vice 
versa,  may  be  characterised  with  some  degree  of  precision  (the 
former  yielding  a  value  of  little  more  than  half  that  given  by 
the  latter),  when  the  suspected  siimple  is  examined  side  by  side 
nnth  samples  of  known  purity  mixed  in  known  proportions  {e.g., 
2  to  1,  equal  proportions,  or  1  to  2,  and  so  on).  Similarly  with 
olive  oil  admixed  with  arachis  oil,  or  with  cotton  seed  oil ;  or 
.sperm  oil  mixed  with  fish  oil.  According  to  Archbutt,  olive  oil 
exposed  to  sunlight  for  some  time  develops  considerably  more 
heat  w^ith  sulphuric  acid  than  the  .same  oil  kept  in  the  dark; 
52'*'5  ri.se  of  temperature  being  noted  by  him  instead  of  41***5. 

A  yet  greater  difference  was  observed  by  Ballantyne  in  the 
case  of  olive  oil  exposed  to  light  for  six  months,  and  agitated 
daily  so  as  to  promote  atrial  oxidation  (67^  instead  of  44°), 
analogous  differences  being  also  observed  with  several  other 
kinds  of  oils  similarly  treated  (p.  131). 

Specific  Temperature  Heaction. — In  order  to  render  the 
thermal  test  practically  independent  of  variations  in  the  strength 
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of  the  sulphuric  acid  u^i^d^  Thomson  .and  Ballantyne*  make  simiil- 
taneou^ily  a  comparative  viiluatinii  with  water,  and  calculate  iht 
ratio  V*elweeti  the  heat  developed  with  the  oil  examiAed  tmA 
that  with  the  water;  the  resulting  ratio  they  term  the  Apecipc 
(fi.m/tf'rfrftfr^  rmciiou.  Thus  the  following  figures  were  abuuned 
with  acid  of  different  strengths,  showing  a  considembly  closer 
c^mcortiance  between  the  ** specific  temperatui'e  reactions"  Ut&Q 
between  the  nncorrected  values  tirst  obtained  with  the  diJTereol 
strength?^  of  acids  ;  of  course,  ^xttrt.  agreement  is  not  to  be  ex- 
pected, as  the  heat  developraent  in  the  case  of  an  oil  In  not 
brought  about  solely  by  t!»e  mere  physical  admixture,  but  is  alMi 
influenced  liy  the  chemical  changes  set  up,  which  necesamlT  are 
apt  to  vary  with  the  strength  of  the  acid : — 


SulphinioAftldordM 

Salpbi]ricAcd<«or9e6 

BnlphtirieAeadorii  ^ 

• 

pert»enkU^4, 

perB«tttH,^4. 

pWCWM-Bj-SO^. 

Tiiiii|>pr»- 

JBpedik 

Tempem- 

tore 

Teniteni- 

Spedle 
Tenilie».. 

RiMln 
T«iii|wrft- 

^ 

Uiro. 

BMCtton. 

tote. 

B««cCl<Mi. 

lare. 

DeffTVNC. 

Df>m'iw*  c 

DcfrwO. 

Water,      . 

38*6 

100 

41-4 

100 

46-5 

100 

1  Olive  ml,    1 

36-5 

d.1 

39  4 

m 

44^ 

91 

34-0 

m 

38  1 

02 

44*2 

fil 

*»< 

39*0 

M 

4S^ 

H 

Eiipe  oil,  . 

401) 

127 

■  ». 

«•■ 

IS81> 

124     1 

'  Ca«tor  oil, 

34-0 

88 

37*0 

so 

' 

•»* 

Linseed  oil, 

104-5 

270 

1 

125*2 

269 

The  following  vdueii  for  the  specific  temperature  reactiaiii  d 
various  kinda  of  oilH  were  thua  determined  : — 


tt 


K— .-oa                             «p««cTj»j«..«j«««-  ^ 

Olive  oil  (13  kinds  exjuiiiiied). 

89  to  05 

Cotton  seed  oil  (crude),  . 

163 

<  refined -2  kind-^), 

169  to  170 

Kftjie  oil  {5  kinda),  . 

125  to  144 

Arac'his  oil  |eonimert:ialJ, 

. 

137 

»,           (refined), 

\m 

L)u»eed  oil  (4  kimis), 

270  to  349 

Cantor  oil  (2  kinds). 

81J  to  02 

Southern  sporm  oiK 

\m 

Arctic  Bj>crui  oil  ( bottloocwe), 

93 

Wlialo  oil  l^iale), 

157 

Seal  oil  (4  kindft},    . 

212  to  225 

'     Cod  oil  p  kinds),    . 

243  to  272 

Menliadcn  oil. 

aoe 

•  Jount,  $QC,  Ch'im.  Ind.,  1891.  p.  SSSL 
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F.  Jean  uses  a  special  fonn  of  apparatus,  termed  by  liim  a 
*•  Thermeleometer,"  *  for  the  detenninatioii  of  the  heat  evolved 
in  mixing  sulphuric  acid  and  oils  {Fig.  32).  A  is  a  small  vessel 
40  mm.  diameter  and  60  Iiifjli,  enclosed  in  a  fcltdineil  case,  E  ', 
this  holds  the  oil  (15  c.c.)  B  is  a  U-shaped 
tube,  holdinii  5  ex,  of  sulphuric  acid  (at  65* 
B),  furniiihed  with  a  hollow  glass  stopper,  to 
urbich  is  attached  a  piece  of  rubber  tubing, 
K.V.;  hy  blowiug  through  the  tubing  the 
acid  is  forcetl  out  of  the  reservoir,  B,  and 
runs  down  on  to  the  oil  through  the  turned- 
over  narrt>w  exit  pipe.  T  is  a  therniometcr 
clanip<'d  to  B.     To  use  tlie  instrument  the 

id  is  introduced  into  15  by  removing  the 

►pper,  and  the  oil   ruo  into  A  up  to  a 

ven  mark  representing  15  c.c*;  the  oil  is 
leated  up  to  40'  to  50^  C,  the  acid-bolder 
placed  in  it,  and  the  whole  allowed  to  cool 
with  occasional  stirring  to  30* ;  A  is  then 
[tlaced  in  the  casing,  E,  and  the  acid  blown 
Mver  into  the  oil,  B,  the  attached  ther- 
mometer being  used  as  a  stirrer,  and  the 
highest  temperature  attained  read  nfl* 

Colour  Keactiona  produced  by  Sul- 
phuric A  cid,~The  table  on  p.  152  is  given 
by  A.  li.  Allen,  exhibiting  the  effect  of  phiciiig  a  drop  or  two 
of  sulphuric  acid  in  the  centre  of  about  twenty  drops  of  oil, 
liliserving  the  colour  before  and  after  stirring. f 

Some  oils  char  more  or    less   with   stilpburic  acid  ;    in   such 
one  drop  of  the  oil  may  l>e  dissoh  ed  in  twenty  of  carbon 
lisulphjde,  and  one  drop  of  sulphuric  acid  arlded.     Whale  oil 

us  treated  gives  a  fine  violet  ciiloi'ation,  q^uickly  changing  to 
rown,  whereiis,  with  sulphuric  acid  alone,  a  mere  red  or  redthsh 
wn  colour,  changing  to  brown  or  black,  is  obtained. 

Miscellaneous  Colour  Reactions.— Various  other  reagents 
have  been  profwised  as  colour  tests  for  oils — e.ff.^  stannic  chloride, 
Ijarium  poly  sulphide,  phosphoric  acid,  mercuric  iiitnde  (alone  or 
with  subsequent  iwiditii>n  of  sulphuric  acidj,  aqua  regia,  caustic 
9oda,  Jbc.  For  the  most  part,  these  give  but  little  nK>re  informa- 
tion than  is  afforded  by  the  colour  tests  alxne  descnljed,  except 
in  some  few  special  cases ;  thus,  linseed  oil  l>oiled  with  ciiustic 
«oda  gives  a  yellowish  emulsion,  but  if  lish  oils  are  present,  a 

•Joiin*.  Sof.  Chtm.  In,d,,  1890,  p.  113;  from  PA  arm,  Chcm,,  1S89,  xx., 

t  Variolic  mod ilicat ions  of  the  colour  test  proposed  in  1S61  by  Chateau 
(by  mixing  oil*  with  nulpburic  acid)  have  Imeo  suggested  by  different 
ousrvera ;  in  novae  caae^  the  test  proditc^ed  h  aubject  to  considerable 
Tariation,  accordiog  to  the  amount  ot  acid  used  relatively  to  the  oil,  and 
it«  rtrensth. 


Fig.  32. 
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reddish  colour  results.  A  solution  of  silver  nitrate  in  alcohol 
(2  part  a  nitrate  to  1*2  of  water,  88  pirts  alcohol  added  to  the 
liquid),  when  heated  with  about  five  time^  its  Tolume  of  oil,  m 


OiL 


Before  Stlrrtnc. 


Alter  SiirtiBg. 


Olive  oil,    . 
Almond  otl^ 
ArachiA  oil,        * 
Rape  oil  (cnide)i 
„        (refined), 

Muitard  oil, 

Cotton  seed  oil  {cnidej, 
,,  (refined), 

Niger  ieed  oil,    .         ] 

Poppy  seed  Oil»  • 

Linseod  oil  (raw), 

„         (boiled), 
Castor  oil,. 

Animal  OiU, 

L&rd  oil,     . 

Tallow  oil, 
Whale  oil, , 
Seal  oil« 
Cod  liver  oil, 


Sperm  oil,  . 

Hydrocarbon  Oih. 

Petroleum  lubricating  1 

oil, .        .         *         J 

Slialo  imbricating  oil,  . 
Rosin  oil  (brown),        [ 
„         (pale),  . 


Yellow,  green,  or  pale) 
brown»  / 

ColourlesB  or  ydlow,    4 

Greyifih      yellow      to  \ 

oninge.  j 

Green     with      brown ) 

rioca* 
Yellow    with    red    or 

brown  rings. 
Dark    yell  o  w    w  i  t  h  \ 

onuige  streaks.  J 

Very  briglit  red. 
Keddiih  Wown. 
Yellow    with     brown  \ 

clot.  / 

Yellow    spot    with 

orange     streaka     or 

ringK. 
Hard  brown  or  green-  \ 
iah  brown  clot.  / 

Hard  brown  clot. 

Yellow  to  pale  brown.  \ 

Greeni&h  yellow  or 
brownish  with  brown 
ttreaks. 

Yellow  ppot  with  pink  \ 
streaks.  / 

Red,  turning  violet,        -[ 

Orange  i^pot  w  ith  pur-  \ 
pie  streiika.  \ 

Dark  red  apot  with  \ 
purple  streaks.  / 

Pure  brown  spot  with  J 
faint  yellow  ring.        J 

Brown.  \ 

Dark  reddish  brown,     -j 

Bright  mahogany  j 
brown.  t 

Mahogany  brown*         \ 


Light  brown  or  olive  I 

green. 

Dark  yellow,  olive,  or  | 

brown- 
Green  iih    or  rcddisli  I 

brown.  i 
Bnght  green,  tuniijig  i 

browuiyh.  I 

Brown. 

Reddish  browTi» 

Dark  red,  nearly  blvt. 
Park  reddish  brown.     | 
lied  lb  sh    or 
brown. 

Olive  or  reddish  brown. 


Mottled^  dark  brown* 

Mottled,  dark  brown. 
Nearly    colourless    or 
palt:  brown. 


Mottled  or  dirty  brown. 

Orange  red. 

Brownish  red,  turning 

bniwn  or  black. 
Bright    red,    changing 

to  n  nut  tied  brown. 
Purple,     changing    to 

dark  brown. 
Purple,    changing    to 

reddish       or     dark 

brown. 

Dark  brown  with  bltte 
fluoresccDcc. 

Reddish  brown  with 
blue  flnorcBcence, 

Dark  brown  with  pur- 
ple fluorescence. 

Red -brown  with  purplt 
fluorescence. 


<  . 
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H  more  4>r  less  reduced  iii  majiy  cAses,  developing 

H  brown,    or  hlwck   colour ;  ♦   cotton  seed,   bitter  sdmond,  heni^'' 

■  Unseed,    neat's    foot^    and   colza    oils    show   the    reaction    ro«i 

■  niarke<ll>%  espe^Jially  the  first  naiuei 

■  Tlif!  table  on  p.  153  (bj  Schadler)  exhibits  synoptically  die 
H  results  of  various  reagents  on  several  of  the  more  commonly  o^ 
H  curring  oils,  ttc, ;  the  test  with  hydrochloric  acid  and  8ugar  is  made 
H  by  mixing  equal  quantities  of  the  oil  to  be  exaniined  and  hydro^ 

■  eliloric  auirl  of  .specific  gravity  1-125  {aijout  1  c.c  of  each),  adding 

■  a  graninie  of  ctuie  sugar,  and  shaking  vigorously  for  some  time. 

^B       SULPHUK  CHLORIDE  REACTION. 

^B  VULCANISED  OILS. 

^^^         The  use  of  sulphur  chloride  in  "vulcanising**  india-rubber"^ 

W  well   known  ;    a  somewhat  analogous  change  takes   place  when 

m  this    substfince    (preferably    diluted    with    light    petroleuni  oil, 

B  carbon  disulph  id  e,  or  other  suitable  solvent)  is  inter  mixed  with 

H  eertaiit .  oils,   more   especial  iy   linseed    oil;    solidilication   enj^uet, 

■  with  the  renuH  of  forming  a  more  or  less  leathery  nia.ss,  which  is 
H  employed  to  some  considerable  extent  in  the  manufacture  of 
H  insulating  coveringH   for   electric   mains  and   leads,  and   similar 

■  purposes.  During  the  action  cotisi<leral>le  qinintities  of  hydro- 
I  chloric   acid    are   evolved,    whilst    the    final     pro<luct   contains 

sulphur,  some  of  which  is  in  a  condition  insoluble  in  carbon 
disuipliide,  apparently  combine^l  with  the  oil  ci>nstituent« ;  «o 
that  the  eheinical  action  of  sulphur  chloride  appe*vrs  to  W  of  * 
far  more  deep-seated  natui^  than  that  of  nitrous  acid  (elaidin 
reiwition),  w  lie  re  the  solidilicatioii  appeai*s  ti*  be  due  simply  to 
polymerL>iation  or  isomeric  re- arrangement  of  atoms.  Althoagk 
no  true  oxidation  t^ikes  place  during  the  treatment,  the 
"oxidised  oil"  is  often  applied  to  this  product  in  the  tnuiee 
prolmbly  l>ecause  the  solidification  brought  abriut  is  sotn6f 
wdiat  akin  in  appearance  to  that  effected  1  wheti  drying  oill 
are  oxidised  by  exposure  to  air,  fonning  solid  products. 

Another  kind  of  *' vulcanised  oil"  is  ijbtaine*!  by  raixinj^ 
tUiwers  of  sulphur  with  the  oil  to  be  treated,  and  tlien  applyiJig 
heat,  much  as  in  the  process  of  vulcanising  intlia- rubber.  It 
some  cases  the  oils  are  previously  partly  saponified.  By  heatini 
linseed  oil  tcj  aljout  230'  C,  cooling  t+i  176'  C.  (:350'*F.),  and 
then  stirring  in  sulphur,  an  indiarubLier  like  mass  is  finaOy 
H  obtained,   useful  in  the  prejiaration  of  rubl>er  suki«titutes.     Aft' 

I  with  sulphur  chloride,  hydrogen  appears  to  be  removed  dunng 

■  the  process,  sulphuretted  hydrc»gen  freely  esaiping;  this  render* 
B  the  nianufiicture  an  especially  ftt^id  one   unless  great  care 
I           taken  to  destn>y  the  evil-smeHing  vapours  evolved,  by  cai 

H  •  Crnciferoas  oih  containing  sulphur  fortii  hlack  silver  sulphide  by 

H  tfGatmi'ut, 
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them  to  pass  through  a  furnace  before  escaping  into  the  factory 
chimney,  or  some  analogous  treatment. 

The  effect  of  chloride  of  sulphur  (diluted  with  carlx)n  disul- 
phide)  upon  oils  of  various  kinds  is  so  far  different  that  in 
certain  cases  it  may  be  employed  to  discriminate  one  from 
another,  or  to  test  for  admixture ;  as  in  all  other  analogous 
cases,  comparison  of  the  sample  tested  with  genuine  oils,  treated 
side  by  side,  is  necessary  in  order  to  obtain  reliable  results. 
Bruce  Warren  finds*  that  when  5  grammes  of  oil  are  mixed 
vith  2  C.C.  of  carbon  disulphide  and  2  of  a  mixture  of  equal 
volumes  of  carbon  disulphide  and  yellow  sulphur  chloride  (free 
from  dissolved  sulphur)  and  the  whole  heated  on  a  waterbath 
till  action  commences,  the  products  formed  (after  evaporating  off 
carbon  disulphide)  differ  in  weight  and  character  according  to  the 
nature  of  the  oil,  being  partly  soluble  in  carbon  disulphide  and 
partly  insoluble  therein.  Thus  poppy  seed  and  linseed  oils  gave 
the  following  figures  (5  grammes  used  in  each  case) : — 


Poppy  Seod.               Linseed. 

1 

Mixtare  of  Eqaal    ' 
QuantitieaortheTwo. 

Soluble.  . 
Insoluble, 

1-96          !          0-78 

4-50          1          5-58 

1 

MO 
5-37 

Total,       .        . 

6-46          '           6-36 

6-47 

C.  A.  Fawsitt  t  employs  sulphur  chloride,  S^Clo,  purified  by 
distillation,  in  the  proportion  of  2  c.c.  to  30  grammes  of  oil, 
operating  as  in  the  case  of  Mauraene's  sulphuric  acid  test ;  very 
considerable  differences  are  observed  with  different  oils  as 
regards  the  amount  of  heat  evolved,  the  rate  of  its  evolution, 
and  the  formation  or  otherwise  of  hydrochloric  acid  gas ;  thus, 
the  following  figures  were  obtained,  inter  alia. 


4  CO. 

Sulphur  Chloride  to  30  grm 

1 

s.  Oil. 

XameofOil. 

Gas  Evolation. 

^   Rlaein 
Tempentare. 

Time  in  Rising. 

Rise  per  Minute. 

Degrees  C. 

Minutes. 

Spemi, 

Very  small. 

71 

8 

8-8 

Seal,  .        . 

None. 

112 

5 

22  4 

Whale,        . 

Slight. 

91 

3 

30  2 

Neat's  foot. 

ft 

82 

4 

20-5 

Rape, 

None. 

89 

6 

14-8 

SUght. 

93 

6 

15-4 

Linseed,      . 

Considerable. 

97 

2 

48-7 

OUve, 

Slight. 

94 

4 

23-5 

CodUver,   . 

Abundant. 

103 

3 

34-3 

Palmnut,    . 

Slight. 

9 

7 

1-4 

Oleic  acid,  . 

Considerable. 

99 

G 

165 

Stearic  acid, 

None. 

S 

5 

1-6 

» Chanical  New$,  1888,  57,  p.  113.     +  Journ,  Sec.  Chem,  Ind.,  1888,  p.  562. 
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NASDeorOiU 

2c.c. 

Sulphur  Chloride  to  30  grma.  OiL 

-1 

G«»  ErolQtlon. 

Tf]»p«f«tare.   , 

TlmelaElifiic. 

lUttpttWa^ 

IkfTmtC. 

lOaattt, 

Sperm, 

Very  small 

37 

16 

2-3 

Seal,   . 

None, 

45 

10 

4-4 

Whftle,        . 

Sligbt. 

57 

6 

9^ 

Neafs  foot, 

>» 

51 

7 

T-a 

I^rd,  . 

*i 

40 

16 

2-4 

Rape, 

None. 

53 

10 

5-8 

Cotton  seetl, 

Slight 

49 

11 

4-4 

Linseed, 

ConBiderable. 

57 

5 

114 

OEve. 

Slight. 

52 

6 

8-7 

Cftstor, 

Abuud&nt 

56 

2 

277        1 

Cod  liver,   . 

it 

55 

4 

137 

Palm» 

35 

3 

11^ 

Palnmut,     . 

Slight. 

5 

9 

0^5 

Roain, 

A  bund  ant. 

31 

7 

4-4 

Oleic  acid,  . 

Conaiderable. 

53 

6 

10-6 

Stcnric  aeid, 

None. 

5 

7 

U7 

It  would  hence  seem  that  the  relative  figures  obtaiaed  with 
a  given  pair  of  oils  (ift4^n  vary  conRideraldy  iiecordiiig  as  il  or  4 
c.c.  of  sulphur  chloride  are  wsed  ]  «o  that  the  value  of  the  testa* 
applied  to  mixtures  is  somewhat  doubtful. 


CHAPTER  VIII. 


QUANTITATIVE  REACTIONS  OF  OILS,  &c, 

A  VATEIETY  of  quantit^itive  chemical  tests  are  in  use  with  ih^ 
*»bject  of  obtititiing  information  oii  various  points  connected  vitb 
the  general  chemistry  of  fatty  matters,  so  as  to  afford  eridence 
in  cases  of  suspected  adiilterat  ion,  itc.  Some  of  these  depend  oQ 
the  occurrence  of  saponitieation  changes ;  others  on  diifereiit 
principles.  Amongst  them  may  Le  reckoned  thedeterniinatioiiof 
the  amount  of  unsapcmihable  matter  present  effected,  as  described 
on  p.  119,  and  tlie  valuation  of  the  amount  of  free  fatty  acids 
present,  not  contained  as  glyce rides  (riV/i?  p.  116);  in  addition  to 
these,  the  following  tests  are  alsfj  more  or  leiis  frequently  em- 
ployed, named  after  the  various  chemists  who  have  prijposed 
them  :— 

I    Kfi  tts(or/ei''8  IW. — ^Determination  of  the  amount  of  potash 


|K0H,  equivalent  56 "1)  requisite  to  saponify  1,000  parts  of  sub- 
!ince^i.«.,  the  perm  ill  age  of  potash  requisite  for  sjipoiiification. 

2.  Ilehfi^rg  Test. — Detemii nation  of  the  percentage  of  fatty 
cids  formed,  insoluble  in  bot  wat^r, 

3.  Reich fTt^s  Te4iL — Detennination  of  the  proportion  of  acids 
ormed,  vcdatile  with  the  steam  of  water  when  distilled  under 

in  arbitrary  conditions. 

4.  JJtifJ'ti    TfHf, — Determination    of  the    ijuantity    of    iodine 
ipable  of  direct  combination  with   100  parts  of  .suliatance, 

5.  Bi'n^iikl   and   Uhers   TV/r^— -Deterrninatif*!!   of  amount   of 
Btic  acid  formed  l*y  acetvlating  substances  containing  aleoboli- 

Itirm  hydroxy),  and  saponifying  the  product ;  expressed  as  per- 
niillage  of  potash,  equivalent  to  the  acetic  acid  thus  formed, 
ckonecl  j>er  1,000  jiarts  of  acetylated  pnxluct. 

6.  Zf^utets  7Vx/.— Be  termination   of  amount   of    silver  iodide 
>rmed  from  the  alkyl  iciKlide  {njethyl*  ethyl,  kc.^  iodide),  evolved 

^n  heating  with  hydrimjie  acid  ;  expressed  as  the  weight  of 
aethyl  (CH.^  =  15),  ei^uivalent  to  the  silver  iodide  thns  formed 
^m  1,000  parts  of  substance. 


KCETTSTORFERS  TEST-TOTAL  ACID  NUMBER. 

Owing  to  the  different  molecular  w^eights  of  tlie  various  fatty 
icU  contained  in  glycerides  and  compound  ethers,  it  necessarily 
suits  that  equal  weights  of  different  substances  are  chemically 
univalent  to  different  amounts  of  alkali — i,*".^  tlnit  the  quanti- 
of  caustic  potash,  for  example,  requisite  to  bring  aLnjut  the 
ifieation  reaction 


Cjiiutic  I'oUulu         C!r*^ri>f. 


>,     +     3K0H     = 


+     3K0X 


vary  with  the  nature  of  X  when  equal  weights  of  fatty  matter 
are  used  throughout.  The  greater  the  molecular  weiglvt  of  X, 
the  le^s  pcitanh  w^ill  \m  requisito  to  saponify  a  given  weight. 
The  quantity  of  caustic  poUish  requisite  for  saponihcation,  being 
a  measure  of  the  moh^cular  weight  of  the  fatty  glycerides,  ifec, 
present^  has  lieen  shown  by  KtettHtorfer  t^i  alh^rd  in  many 
oaaes  a  useful  means  of  checking  the  nature  and  purity  of  the 

1^1,  Jbc,  examined.  The  w^eight  €>f  potanh  (KOH  -  5(i'l)  thus 
lonsamed  by  1,000  parts  of  substance  (milligrammes  of  potash 
fcer  gramme)  is  accorflingly  known  an  the  '*  Ktettstorfer  number,*' 
ILVf^ritfiftitigsiztM) ;  or  otherwise  as  the  *' total  acid  potash  per- 
millage  '*  or  *^  total  arid  numhfir''  of  the  oil,  il^c,  examined.  The 
detennination  of  this  value  is  effected  in  somewhiit  the  same 
fa&hloii  as  that  of  the   ''free   acid    number"   alxjve   described 


M 
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(p.  1 1  r»),  by  saponifyinjL,'  the  oil  with  ftn  exeews*  of  alcolirilic  poUib« 
and  back-titrating  tlii^  unneutralised  surplus ;  in  tUis  w%y  Uit 
potasb  consumed  represents  not  only  the  free  fatty  acid  pfticnt 
but  also  that  liberated  during  saptmification — L^.,  the  lote/  iiil»f 
acids  present — whence  the  name. 

Knowing  the  totiil  acid  number  (Kixttstorfer  nurober),  K  af 
a  given  substance^  the  mean  equivalent  weight  of  the  stilxst4iK« 
is  readOy  calculated  by  the  proportion 


K    :    56-1 


1.000 


K    • 


The  value  of  j-  thus  dmiuced  is  generally  referred   to  as  tiie 
^^  mijHmification  equivahnt*'  of  the  bofly  in  questioiu 


1 

TnlAl  Add  Sromber.  or 

1 

gtihibmoe.            1 

CblerStjim». 

iPennUlMv  of  FoUmh 
nqnind  for 

^  ^  _ 

"SSSSS! 

OlyctrUhn,         ' 

IVthiityrifi, 

Batter  fat, 

557-3 

1001 

Trivalerini 

Vorpohe^  dolphin, 

ami  whale  oila. 

4S02 

1147 

Trilfturin,  , 

Cokcmut  end 

palmnut  oils, 

2^'8 

2157 

Tripalmltiii, 

rtdm  oil,  lard. 

20SS 

2687 

Triatearin, 

Tallow,  lard,  cacao 

butter, 

1S91 

sm 

Triokio,     . 

Olive  and  almond 

oils. 

19t>4 

mi 

Trier  ncin. 

Colza  and  rape  oiIa. 

lOtJ'O 

3507 

TrilinoHii, 

Linseed,  hera  [i,  and 

waltiot  oils, 

191-7 

2927 

TrLricinoloirj,      . 

Castor  oil, 

ISO'C 

310  7    1 

Compound  Etheri, 

Ci'tyl  pihnitate. 

Spermaceti, 

116-9 

480 

Mypicylpalmitatt, 

Beeawax* 

S^O 

676 

C^ryl  ceroUte,  , 

Chinese  wax, 

71*2 

7S8 

Dodecatyl  oleate, 

Sperm  oil, 

VU7 

450       1 

1  Dodecatyl 

doeglabo^ 

Bottlenose  oil. 

120^9 

4U 

The  foregoing  table  represents  the  total  add  numbers  md 
sapnu ideation  erpiivalents  of  various  triglycerides  and  oimpound 
ethers  «>t"  frequent  occurrence;  in  the  case  of  glycerides  tho 
molecular  weight  is  three  times  the  saponitication  equivalent, 
whilst  with  compound  etliers  of  monohydrtc  ale<jbols  it  i« 
identical  therewith. 

ClasBiflcation  of  Oils,  &G.^  by  Means  of  their  SapoQific&* 
tion  Equivalentfl, — The  table  on  p.  159  has  lieen  arninged  hf 

•  UdIc'sss  a  mure  or  lesa  cuiisideraWe  excess  he  naetl,  it  is  very  diffictiltto 
ensure  complete  sa  pool  ^cation. 


k 
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or  OIL 


I   PetcFiiUir^  cif  KOn  ra-         Saponification 
!  qaLred  fur  SmponUtcatLoQ.         Equivalent. 


E 


A.  OuaKra^ 

L»rd  oil, 
Olive  oil. 
Sweet  Almond  oH, 
Anchisoil, 
Te»  oil, . 
Sesam^  oil, 
Cotton  seed  oil, 

B.  Raps  Otl  Class— 

ColxaoU, 
Rape  oil, 
Mujttard  seed  oil, 
Cal>lMige  seed  oil, 

C.  YmiTABLe  Drttng  Oils 

Linseed  ml^ 
Piiftpy  Becd  oil, . 

Walnut  oiU 
Nigvr  ieed  ml,  . 

D.  Martfe  Olei^eh— 

C*id  liver  oil,     * 
MenJjaden  oil,  . 
FUchard  oil, 
Sealoil,. 

Soutbem  whale  oil« 
Koftbrm  uhale  oil, 
Porptnat  m^, 

Butter  fat, 
Cokemut  oil,    . 
Palmnut  oil, 

F.  Stearikes,  &c.— 

Lard,  . 
Tkllow,  . 
Dripping, 
Bntterine, 
Goose  fat. 
Bone  fat. 
Palm  oil, 
Cacao  botter,    . 

G.  Fluid  Waxes— 

Sperm  oil, 
Bottlenose  oil,  . 

Spermaceti, 
Beeswax, 
Camauba  wax, . 

XJnclassed— 
Shark  liver  oil, . 

\'>        ■...'      ,  ./ ., 
I  h,-.  ■•  ki  ttl-  :.,;], 

Cantor  tiil, 
4Fap«ji««e  wood  oil« 

Japan  wax* 
ihrtle  wax, 
BlrtttTi  rape  oil, 
Colophuny, 


H. 


191  to  19-6 
18  93  to  19  6 
19-47  to  19  61 
19 13  to  19  66 

1965 
19-00  to  19-24 
19-10  to  19-66 

1708  to  17-90 
17-0-2  to  17-64 

17-4 

17-52 

18-74  to  19-52 
19-28  to  19  46 

19-31 

19-60 
18  9   to  191 

18-51  to  21  32 

19-20 
18-6   to  18-75 
18  9   to  19-6 

19-31 

18  85  to  22-44 
21-60  to  21-88 

22  15  to  23  24 
24-62  to  26  84 
22-00  to  24-76 

19-20  to  19-65 

19  32  to  19-80 
19-65  to  19  70 
19-35  to  19  65 

1926 
19-06  to  19  71 
19t3  to  20-25 

19-98 

12  34  to  14  74 
12-30  to  12-40 

12-73  to  1304 
9-2  to  97 
7-9  to  8  51 

14  00  to  19-76 

17-0 

18-85 
17-6  to  18-15 

21-1* 
21-01  to  22-25 
20-57  to  2117 
19  8  to  20  4 
17  0  to  19  3 


285  to  296 


>  286  to  300 


250  to  303 


241  to  253 
I  209to255 


277  to  294 


380  to  454 
419  to  456 

432  to  441 


284  to  400 

3:^ 

298 
309  to  319 

266 
252  to  267 
265  to  273 
275  to  284 
290  to  330 
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A,  H.  Allen*  representing   the   percentages   of  caustic  pot 
required  for  the  aaponilication  of  mof*t  of  the  usually  occui 
oils,  &c,,  deduced  by  collecting  together  the  publish^  results  of 
a  number  of  observers,  some  of  the  values  Imiag  deduced  fnm 
upwards  of  forty  different  samples. 

"Values  but  little  removed  fi-om  these  have  l>een  subsequentlj 
collected  and  recorded  by  Benediktf  ^^d  Schadler.J  includii 
various  later  valuations  of  the  Ktett^tofer  8  valuer  of  other  0) 
iu^d  fats  :  — 


I 


N»meo{OiU«o. 

'           Schidktr. 

BeoedlkV 

1 

1 

Apricot  kernel,  .... 

192-193 

192-9 

Arachia, 

194-196 

190U197 

m 

Almond,  aweet,  .... 

190-192 

187*9-1961 

m 

Almoad,  bitter,  .... 

... 

194-5  19615 

■ 

Butter, 

225-2.10 

227 

V 

Bet*awtt3C  (yellow), 

Hfi-lOO 

97-107 

Boiif  oil,      .         ,         ♦         .         , 

liXI-191 

».• 

Cacao  butter,       ...         * 

1113-204) 

CokeruLit 

2.S5-260 

255 

Colza,. 

177-178 

175-179 

Curcas, 

2:10-231 

230-5 

Charlock, 

176-177 

Castor»        .        •        •         .         , 

201-203 

176-181-5 

Carnauba  wax 

... 

79 

Cotton  seed 

394-195         I 

191-2103 

^ 

Cod  liver,  medioinal,  . 

175-185 

1       171-213-2 

■ 

Cod  liver,  J>ri>wn, 

I HO '200 

■ 

Oalam  hutU^r,      ,         .         .         . 

192-193 

*.« 

■ 

(liimJaciait  flaDemantiii),      . 

184-185 

183  0 

■ 

Hemp  seed,          ,          .         .         . 

192  194 

193  1 

■ 

Hedge  radish 

17a^l77 

174  0 

■ 

Jftimties©  wax 

222-22.^ 

•«• 

■ 

Linseed  oil. 

190-192 

187*4-195^ 

■ 

Lard,  .-,.., 

1*15- 10<;          1 

..» 

m 

Mtilalmr  tallow  (pincy  tallow),    , 

191-192 

«.. 

1 

Menhadt-^n, ..... 

.«. 

192 

1 

U&iie,         .         ,        ,        ,        . 

188-189 

ISS'l-lSS-S 

1 

Neat's  foot,         .... 

191-193 

... 

J 

Niger,          ...... 

IS9-19I 

ia9-i9i 

J 

Nut  (Walnut),    .... 

19G-I97 

196^ 

■ 

Olive,  naiad,        .... 
Olive,  inferior,     .... 

191^I9:J 
186- 1«8 

1       185  2-196 

1 

Olive  kerxieb       .... 

1 88- 189 

ISS'5            H 

Poppy,         ..... 

193-194 

192-8-194^ 

■ 

201-202 

... 

■ 

Pahn  kernel,        ,          .          ,          , 

246  248 

257  G 

■ 

Pumpkin  seed 

1H9-191> 

,1 

189-5 

P 

*  Commerciai  Organic  A  n%£tM»^  vol.  IL,  p.  41,  tt  Mq*     The 
of  caustic  potash  requiaite**  ia  obviously  on€  tenth  of  the  JTcPiftflor/fr 
or  periaillage  of  potash  neceaaary  for  Ba|>oniH cation. 

t  Anaiyne  dtr  Fctte  und  Wachsartm,  pp.  294  and  317. 

^  Unttrmiehungen  dtr  FtUt  Qtlt  und  Waehsarienf  pp.  134,  135, 
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NuMoTOaAc. 


Schadler. 


I 


Benedikt 


I 


PorpoUe,     . 

Pilchard,     . 
Shark  liver  oil, 
Seal  oil,      . 
Sesam^ 
Sunflower,  . 
Spermaceti, 
Sperm  oil,  . 
Suet  (ox  tallow. 
Tallow  (sheep), 
Tacamahac, 
Unffuadia,  . 
Whale,        . 

Whale,  bottlenose, 

Woolgrease, 


beef  tallow), 


180-195 
192-193 
193-194 

108 

134 
193-195 
192-195 
199-200 
190-192 
190-191 


9-170 


143  9 
'Fluid  portion  263  0 
!  186-187-5 

84-5 
191-196 
187 -6-192 -2 
193 
108-1 
132-2 


190-191 

197-3 

Fluid  portion  290*0 


Practical  Determination  of  Saponification  Equivalents 
of  QlyoerideSy  &c. — A  known  weight  of  the  substance  to  hi* 
examined  (conveniently  2  or  3  grammes)  is  accurately  weighed 
up  in  a  flask,  and  25  c.c.  (or  other  suitable  quantity)  of  standard 
alcoholic  potash  added  (approximately  seminormal);  this  should 
be  made  from  alcohol— not  methylated  spirit — that  has  been  coho- 
bated  with  caustic  potash,  and  distilled  so  as  to  remove  as  far  as 
possible  all  compound  ethers  and  other  impurities  that  might  be 
resinised  by  potash,  or  otherwise  partially  neutralise  alkali ; 
methylic  alcohol  of  bigh  purity  may  be  similarly  used,  preferably 
after  the  same  treatment.  The  whole  is  heated  on  a  waterbath 
with  a  reflux  condenser  attached,  and  gently  agitated  at  intervals 
until  complete  solution  has  taken  place ;  after  a  few  minutes 
more  heating  to  ensure  that  saponification  is  complete,  the  un- 
neutralised  alkali  is  titrated  by  seminormal  standard  acid  (pre- 
ferably hydrochloric),  using  phenolphthalein  as  indicator.  The 
standardising  of  the  alcoholic  potash  in  terms  of  the  acid  is  pre- 
ferably efiected  by  heating  25  c.c.  on  the  waterbath,  with  an 
inverted  condenser  attached,  side  by  sid^.  tvith  tlie  oil  examhied, 
and  subsequently  titrating ;  the  difference  between  the  acid 
required  in  the  two  cases  thus  directly  represents  the  acid 
equivalent  to  that  formed  by  the  saponification.  If  w  be  the 
weight  in  milligrammes  of  oil  taken,  and  n  the  number  of  c.c.  of 
stormed  acid  equivalent  to  the  acid  formed  by  saponification  (i.e.,  if 
2n  c.c.  of  seminormal  acid  be  used,  lOn  of  decinormal,  and  so  on), 
then  the  saponification  equivalent  E  is  given  by  the  equation  * 

F  - '" 

*\  ac.  of  "normal"  acid  represents  E  millij;rainme8  of  fat,  whence 
II  CO.  of  acid  are  equivalent  to  nE  niilligramme?.    Since  this  quantity  =  w^ 


ons,  TiLi9>,  VAXE9,  err. 

and  tike  tetel  aetd  munber  (KjoetMorfer  number  =  permiU 
'  ,ar  teaSM  tkm  peroeo^ige,  requisite  for  saponlfic 


K  =  ^  X  96^1001 

The  deteffmioataoii  of  tbe  total  add  number  is  genemllj  i 
lased  with  that  of  the  firee  add  number ;  tbe  weighed  qunni 
af  hi^  ktL,  mixed  with  a  littJe  warm  alcohol,  i^  titrated 
akohoiic  alkali,  usinz  phenol phthalein  as  indicator,  so  «£ 
di&termine  the  free  acid  niuuber  (see  p.  116) ;  excess  of  alkali  i 
then  added  and  the  detmoination  of  the  total  acid  number  pro* 
ceeded  with.  Thus,  aitppoee  that  2-501  graiuuies  (L\riOl  uiillir 
grammes)  of  Japanese  wax  contain  sufficient  free  fatty  ^& 
neutralise  2*5  c,c,  of  ^eminormal  alkali  (equal  to  l-*25 
normal  solution) ;  whilst  alter  adding  excess  of  alkali,  saprtoii}- 
ing,  and  back-titrating«  19  0  c.c  of  senunormal  fluid  (equaJ  to 
9'5  c.e.  normal)  are  neutrali.s€d  in  all ;  then  the  free  acid  and 


1-25 
acid  numbers  are  respect ivel r --^  x  56,100=  28*01,  and 

X  56yl00  =  213'1 ;  whilst  the  saponiBcaticm  equivalent  is 


-  263-3. 


total 

2,601 

2,501 

9*5 

If  A  be  the  free  acid  number,  and  K  the  total  acid  numbiT 
(Ktettstorfer  number),  the  quantity  K  -  A  is  a  measure  of  the 
proportion  of  compound  ethers  (esters,  glycerides,  <lx.)  present 
in  the  substance  examined,  and  may  l>e  conveniently  termed  tJje 
fster  number  (EgUrzahJf  ^^i/terziifJ);  thus  in  the  alxive  instance 
the  ester  number  is  263  3  -  2804  =  23526.  In  general,  if 
m  ex.  of  nnrmal  alkali  are  consumed  in  neutralising  the  fr« 
acid  present  in  ?/'  milligrammes  of  substance,  and  u  c.c.  m 
neutralising  the  total  acids,  the  value  of  the  ester  number. 
£  —  A,  is  given  by  tbe  equation 


K  -  A  ^  -  X  56^100  «  *  X  5G,100 
-5-^  X  56,100. 


In  tbe  case  of  triglycerides,  the  quuntity  of  glycerol  theorcti* 
cally   obtainaV*le  from   a  given   weight   of  sub8tance    is   readilv 


thi  tlie  other  band.  Ice.  of  normal  aoid  «] 


it  reaultfl  that  K  - 

56'1  milligrammes  of  KOH,  whence  aeo,  are  equivalent  to  fi  x  56  1  isilh* 

grammoB.     Then  «?  :  »  x  5lM   ;  :  1,000      *^ 


K  =  "   r.  :>G,ioo. 


ESTER    NUMBER.  163 

deduced   from    the   ester   number:    3  x  56*1    parts   of    potash 

neutralised  by  the  acids  liberated  from  the  triglycerides,  represent 

92  parts  of  glycerol  set  free :  hence,  if  S  is  the  ester  number,  the 

92 
glycerol    produced    is    \-n^p^  x  S  =  0*5466  x  S    per    mille,    or 

"05466  X  S  per  cent. ;  thus,  a  sample  of  groundnut  oil,  yielding 
the  total  acid  number  195*0,  and  the  free  acid  number  5*0,  and 
consequently  the  ester  number  195*0  —  5*0  =  190*0,  would 
theoretically  yield  1900  x    05466  =  10*39  per  cent,  of  glycerol. 

Proportion  of  Fatty  Acids  formed  by  Saponification. — 
Just  as  the  average  molecular  weight  of  a  mixture  of  triglycerides 
or  other  compound  ethers  will  depend  partly  on  the  molecular 
weights  of  the  fatty  acids  formed  by  saponification,  and  partly  on 
those  of  the  alcoholic  or  glyceridic  constituents,  so  will  the 
percentage  of  fatty  acids  obtainable  vary  in  like  manner.  In  the 
case  of  a  mixture  of  glycerides,  where  some  of  the  fatty  acids  are 
of  low  molecular  weight,  obviously  a  smaller  percentage  of  fatty 
acids  will  be  formed  than  would  be  were  all  the  fatty  acids 
of  higher  molecular  weight.  Thus,  100  parts  of  butyrin, 
^i^b{^-^A^7^)si  would  theoretically  yield  87*4  of  butyric  acid; 
whilst  100  partes  of  stearin,  ^31^5(6. 01^11350)3,  would  similarly 
furnish  95*7  i>arts  of  stearic  acid. 

In  certain  cases,  useful  information  is  obtainable  by  deter- 
mining the  total  percentage  of  fatty  acids  actually  produced, 
more  especially  when,  in  addition  to  the  total  percentage,  the 
amounts  respectively  soluble  and  in.wluble  in  tvater  are  also 
deduced ;  the  information  l>eing  in  some  cases  further  supple- 
mented by  determining  the  amount  and  nature  of  alcoholic  or 
glyceridic  complementary  products. 

The  total  percentage  of  fatty  acids  can  be  reckoned  from  the 
amount  of  alkali  reciuisite  for  saponification  (the  Kct'ttstorfer 
numl)er  determined  as  indicated  on  p.  161 )  if  the  mean  equivalent 
of  the  fatty  acids  is  known  ;  more  usually,  however,  the  latter  is 
the  principal  point  to  be  examined,  and  the  percentage  of  acids 
requires  to  l>e  directly  determined ;  from  which  value,  together 
with  the  quantity  of  alkali  used,  the  mean  equivalent  weight  of 
the  fatty  acids  is  deduced.  Thus,  if  100  parts  by  weight  of 
substance  yield  a  weight,  w^,  of  fatty  acids  (i.e.,  if  u\  be  the 
percentage  of  fatty  acids  found),  and  w.^  parts  of  potash,  KOH, 
be  required  to  neutralise  these  acids,  the  mean  equivalent  weight 
of  the  acids  is  given  by  the  proportion — 

irjrSei  r.wi'.x  =  -^^  x  50*1. 

If  K  l)e  the  total  acid  number  (permillage  of  KOH,  or  ten  times 
the  pcircenuige)  the  mean  equivalent  weight  of  the  fatty  acids 
will  obviously  be — 

x=    ,\-  X  5G1  =  p  X  5G1. 
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The    term  neutral Uaiion   number  of  the  fatt^  aeidg  (Tenei' 

funggx&hl  tfer  Fettaaitrfn)  is  conveniently  employed  to  indicil* 
the  quantity  of  potash  (KOH  ^  56-1)  neutraUsed  by  1000  p»rti 
of  the  free  ackls.  This  value  and  the  mean  equi\^lent  weight  of 
the  free  fields  are  related  to  one  another  in  a  fajshion  similar  to 
that  exhiliited  by  the  tota!  acid  number,  antl  the  saponification 
equivalent  of  the  original  fat  or  oil  :  if  K  lie  the  neutralisatioa 
nuinl>er  of  the  free  acids,  and  F  their  mean  equivalent  weight 
(value  of  X  aa  alxive),  then 


whence 

and 


The  following  table  represents  the  average  neutrnliwhoT* 
Huml^rH  of  the  frt***  fatty  a^idt*  i>btained  from  various  kinds  of 
oils,  ttc. — LCf  the  quantities  of  p>ta.sh  (KOH  =  56-1 )  neutraJiscci 
by  1,000  parts  of  mixed  free  fatty  acitls  (Schatller): — - 

Naiue  tttm],  Jtc,  KctttnliMticm  Ifinxibt. 

Almond,  .  .  .  •  -  204-205 

Armchis,  .....  196-197 

Cottonseed,     .  .  .  .  .  201  205 

Castor,  .  .  .  .  .  187 -IhS 

Cod  liver  (medicinal),  ,  .  .  202-204 

Charlock,         ,  .  .  .  .  180-181 

Colza,  ......  181-182 

Linseed,  .....  1S»H-I99 

Lard,    ......  215-217 

Nut  (walnut), .  ....  208-209 

Olive,  ......  19fi-200 

Palm,  ......  2lMi-2tn 

Palm  kemol,    .....  2tJ."i-2ti4> 

Poppy,  .....  204  205 

Suet*{ox)»         .....  205-20*1 

Sesam^,  .....  107-198 

Sunflower,        .....  201-202 

Tallow  (sheep),  .  .  .  •  206-207 

In  the  case  of  a  triglyceride,  the  calculated  saptm location 
equivalent  *>f  the  p^lycerifle  always  exceeds  the  equivalent  weight 
of  tatty  acids  produced  from  it  by  saponificatitm  by  12'67;  for  the 
general  reaction  of  Haponification  l>eing  equivalent  to 


I 


where  li  Is  a  fatty  acid  nwlicle,  it  results  that  the  moleculAP 
weight  (three  times  the  equivalent)  of  the  glyceride,  G,  plitf 
3  X   18  =  54    parts   of  water,   i^    identical   with    the   moJeculir 
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weight  of  glycerol  =  92,  plus  three  times  the  equivalent  weight 
of  tJbc  fatty  acid  formed  by  saponification,  3F ;  whence, 

G  =  3F  +  92  -  54, 

and  ./  =  F  +  1*2 -67. 

o 

In  similar  fashion,  in  the  case  of  a  mixture  of  a  triglyceride 
and  the  fatty  acid  contained  therein  {e.g.,  tristearin  and  stearic 
acid),  the  mean  saponification  equivalent  of  the  mixture  will 
exceed  the  equivalent  of  the  fatty  acid  by  a  fraction  of  the 
number  12*67,  expressing  the  proportion  of  fatty  acid  contained 
as  glyceride  to  the  total  fatty  acid  present.     If  S  be  the  ester 

number,  and  K  the  total  acid  number,  this  fraction  is  :^ ;  whence, 

the  mean  saponification  equivalent  of  the  mixture,  M,  is  given 
by  the  equation 

M  =  F  +  -  X  12G7. 

Thus,  supposing  the  free  ticid  number  to  be  5  per  cent.  (ttV)  of 
the  total  acid  number,  so  that  the  ester  number  is  95  per  cent, 
(ij)  thereof,  the  relationship  between  M  and  F  will  be 

M  =  F  +  .^  X  12-«7, 
=  F  +  12-04. 

Similarly,  if  the  free  acid  number  be  10  per  cent,  (^q)  of  the 
total  acid  number, 

M  =  F  r  11-40. 

Hence,  as  in  the  case  of  most  oils  and  fats,  the  amount  of  free* 
acid  is  only  a  few  per  cents,  of  that  of  the  total  acids,  it  may  be 
taken  as  a  general  rule  that  the  ttiean  saponification  equivalent  of 
a  natural  oil.  or  fat  exceeds  the  mean  equivalent  of  tJie  fatty  acids 
cont4iined  therein  by  about  12  ;  and  by  a  proportionately  less 
amount  when  the  quantity  of  free  fatty  acid  present  increases 
l>eyond  a  few  per  cents. 

This  relationship  enables  comparisons  to  be  readily  instituted 
between  the  values  deduced  by  the  saponification  of  a  fat  or  oil, 
and  by  titrating  of  the  fatty  acids  separated  therefrom,  when 
expressed  as  equivalents  ;  wliereas,  such  comparisons  are  much 
less  readily  made  by  means  c>f  the  potash  permillages  directly 
obtained,  viz.,  the  "  total  acid  number "  of  the  glyceride,  and 
'*  neutralisation  number"  of  the  free  acids  thence  derived  (p.  164). 

Since  the  saponification  equivalent  of  a  triglyceride  exceeds 
the  ecjuivalent  w^eight  of  the  fatty  acid  contained  therein  by 
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l2-^y  it  rasatts  tluit  Ibr  itUy  gljoerides^  wbeve  the  f^ninM 
vd^  of  tbe  fiinj  tMrid  eonUined  Iks  between  250  and  SaO^tk 
lieceent^pe  of  fatty  acid  yielded  bj  tlie  gljcende  lies  betven 

'250^  12^7  "  ^^'  "'^  330  1'  12^7  ""  ^^  ^'  ***"*"  ^ 
and  96-3 ;  ao  Uiat,  ibr  the  great  majoritv  of  natund  mis  and  &tt 
cntitaLnizijir  Onlj  small  quantities  of  free  fattj  ac\ds^  thtf  rat  being 
glrcerides,  the  rteld  of  iskttj  acid  per  100  parts  of  lat  t^  elose  Itt 
95*75  parts.  Fat^  containing  a  considerable  aroonnt  of  glToeridtf 
of  relativelj  low  molecular  weight,  such  as  butter  iat,  ookerail 
Initter,  and  pslti^  kernel  oil,  &c.,  jield  proportionately  snnte 
peroentages  of  fatty  acids  ;  on  the  other  hand,  if  much  (ree  £iXtf 
acid  is  pr^ent  Ln  the  fat  or  oil  examined,  the  percentage  yield  i 
fiittj  acifb  from  the  mixture  is  proportionately  increased. 


HE  FIXER'S  TEST. 

This  te*jt  consi*>ts  in  detenu inin;;  that  fraction  of  the  fMj 
acids  formed  on  saponification  and  acidulation  which  remaini 
imdissolvcHl  In  hot  water,  repeatedly  applied  until  no  more  acid 
is  dissolved.  With  most  oils  and  ^ts  this  quantity  diners  btit 
little  from  the  total  percentage  (about  95-5  to  96  jier  cent,  as  s 
rule f  supra)- — i*.e,,  only  minute  quantities  of  soluble  fatty  add» 
are  present  ;  but  with  cow*s  butter^  cokernut  butter,  and  f^nme 
few  other  suljstances  the  difi'erenee  i.s  much  greater.  Thu»i  witJi 
butter  fat  the  total  percentage  in  usually  from  93  to  94,  whilft 
the  p<*rcent^Li;:e  of  in.^jluble  acifls  (the  Hehner  numljer)  i*  only 
S7  to  8iS,  With  the  fatty  glyeerides  employed  in  the  manil- 
facture  of  oleomargarine,  the  soluble  acids  are  present  i& 
only  very  small  quantity,  so  that  the  insnlulile  acids  amount  to 
95-9ij  per  cent.;  hent^,  any  considei^bk*  luhuixture  of  cJeo- 
margarine  with  genuine  butter  is  cletectefl  by  the  iucreme-nt  in 
percentage  of  insoluble  ticids  Ibund. 

The  following  table  repi***sents  the  proportion  of  genuine  butter 
fat  and  foreign  fjit.s  (rnargarbie)  present  in  a  sample  i»f  mixture 
yielding  a  higher  Hehner  number  than  genuine  butter  hi^ 
ttmnminf/  thu  Ui  f/ive  the  iw/Vfr-  87*5,  tttul  mart/fwhie  to  p0t 
95*5. 

The  same  result  is  also  obtainable  by  meann  c»f  the  formula 

X  =  {n      ST -5)  >   12^^. 

where  H  is  the  observed   Hehner  n»iml>er,  and  ,1*  the  calculs^ 
percentage  t>f  raargarim?.* 

•  When  tokernufc  butter  (or  the  atearine  thence  iaolntocl  by  chilling  And 
prefliiing)  la  substituted  for  (jluomargarine  from  beef  suet^  A^  tlio  ftboft 
tftblo  does  not  hoW  good. 


hbhner's  test. 


1^7 


HaluMr  Number  Found. 

PercenUgv  Present  of 

Genuine  Butter  Fut. 

Margarine. 

87-5 

100 

0 

88 

93-75 

6-25 

88-5 

87-5 

12-5 

89 

81-25 

1875 

89-5 

75 

25 

90 

68-75 

31-25 

90-5 

62-5 

37-5 

91 

56-25 

43-75 

91-5 

50 

50 

92 

43-75 

66-25 

92-5 

37  5 

62-5 

93 

3125 

68-75 

93*5 

25 

76 

94 

18-75 

81-25 

94-5 

12-5 

87-5 

95 

6-25 

93-75 

95-5 

0 

100 

Other  tests  depending  on  principles  somewhat  similar  to  those 
iiiTolved  in  Hehner's  test  have  been  proposed  by  other  chemists 
for  use  in  special  cases ;  thus  the  difference  in  solubility  of 
bariam  salts  has  been  proposed  as  a  criterion  instead  of  the 
difference  in  solubility  of  free  acids  for  butter  analysis,  &c. 
A  modification  of  this  principle  is  utilised  as  a  means  of  deter- 
mining the  relative  proportions  of  stearic  and  oleic  acids  in 
mixtures  of  the  two  based  on  the  different  solubilities  of  their 
lead  salts  in  ether  {vide  p.  112). 


PRACTICAL  DETERMINATION  OF  THE  AMOUNT  OF 
FATTY  ACIDS  FORMED  ON  SAPONIFICATION 
(SOLUBLE  AND  INSOLUBLE  IN  WATER),  AND 
THEIR  AVERAGE  EQUIVALENT  WEIGHTS. 

The  neutralised  alcoholic  solution  left  after  determining  the 
saponification  equivalent  (or  the  product  obtained  by  saponifying 
a  larger  quantity  of  fat,  say  10  grammes,  with  alkali  without 
titration)  is  evaporated  to  drive  off  alcohol,  dissolved  in  hot 
water,  and  treated  with  an  excess  of  acid  (standardised  or  other- 
wise, according  to  circumstances — vicle  infra) ;  a  few  minutes 
boiling  decomposes  all  soap  present,  so  that  a  clear  layer  of  fused 
fatty  acids  swims  up  to  the  top  on  standing.  A  weighed  filter 
(weighed  in  a  disli  after  drying  in  the  steam  bath)  is  prepared 
and  wetted  with  water  (otherwise  fatty  acids  may  pass  through), 
and   the  acidified   fluid   filtered   through,   the  oily  fatty  acids 
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10t>5 


=  fia-8L 


After  separation  of  the  insoluble  &ttj  acids,  Uiese  are  found  to 
weigh  2vl87  ^rms.,  and  to  neutralise  16*6  e«c*  of  senunormal 
alkali  —  8'3  c.c.  uf  normal  alkali;  hence  the  inMoinUr  acid 
ntini^*er  is 

2^5^x5r.lO)  =  Ue-23: 
the  percentage  of  insoluble  fatty  acids  (Hehn^  num^r)  is 
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and  their  average  equivalent  weight  is 

{.«.,  1  c.c.  of  normal  alkali  neutralises  263*5  milligrammes  of  the 
mixed  acids.  Since  the  total  acids  neutralise  10*05  c.c.  of  normal 
alkali,  and  the  insoluble  acids  8*3  cc,  the  difference  =  1*75  c.c. 
represents  the  soluble  acids.  This  corresponds  with  the  soluble 
acid  number 

igx  56.100  =  39  3. 

If  it  be  supposed  that  the  soluble  acids  are  essentially  butyric 
acid  (equivalent  =  88),  1  c.c.  of  normal  alkali  will  neutralise 
88  milligrammes,  and  consequently  1*75  c.c.  will  neutralise  154 
milligrammes  =  6*16  per  cent,  of  the  2,500  grms.  of  butter  fat 
employed.  Hence  the  total  percentage  of  fatty  acids  formed  on 
saponification  is 

Insolnble  acids  (Hehner  number),        .        .        87*48 
Soluble  acids  (reckoned  as  butyric  acid),     .  6'IG 

Total,        .         .        .         93G4 
The  mean  equivalent  weight  of  the  total  acids  is  deduced  thus — 

Weight  of  insoluble  acids,  .        .         2,187  milligrammes. 

,,         soluble        ,,  .         .  154  ,, 

2,341 

Since  these  neutralise  20*1  c.c.  of  seminormal  alkali,  e(juivalent 
to  10*05  c.c.  of  normal  alkali,  the  mean  equivalent  weight  is 

*>  .'^41 

1005  -  ^^-  ''• 

The  soluble  acids  may  also  be  directly  estimated  by  employing 
a  known  quantity  of  standard  acid  to  decompose  the  soap  left 
after  determination  of  the  saponification  equivalent,  and  deter- 
mining the  acidity  of  the  watery  filtrate,  using  phenolphthalein 
as  indicator.  Thus,  in  the  above  case,  suppose  that  25  c.c.  of 
seminonnal  acid  were  used  to  decompose  the  soap,  and  that  8*4 
c.c.  of  seminormal  alkali  were  neutralised  by  the  watery  filtrate  : 
since  the  alkali  present  in  the  neutral  soap  represents  20*1  c.c, 
25  -  20*1  =  4*9  c.c.  of  the  acid  used  would  remain  unneutralised 
in  the  filtrate;  whence,  8*4  —  4*9  =  3  5  c.c.  of  seminormal  acid, 
equal  to  1*75  c.c.  normal,  would  represent  the  soluble  acids  as 
before.  In  practice,  this  method  is  less  accurate  than  the  other, 
as  the  dilution  of  the  fluid  and  the  unavoidable  absorption 
of  carbonic  acid  from   the  air  (which  interferes  with  phenol- 


ITO  OILS,    FATS,    WAXRS,    KTC 

phthsiloin  as  an  indicator)  j^'enemlly  pi^eveni  so  sharp  &  valuation 
buiiig  oV)taiued. 

With  the  exception  of  Imtter  fat  and  allied  ammal  fata,  and 
cokernut  ami  pahunut  oils,  the  amount  of  soluble  acids  present 
in  ordinary  oils  and  fatty  nmtt-era  is  usually  so  small  as  to  be 
negli|:;il;ik%  so  that  tho  total  acid  number  and  the  insoluble  add 
uumber  are  sensibly  identical — Le,,  the  amount  of  alkali 
neutralisefl  during  saponification  is  pnietically  identical  witb 
that  neutralised  subsequently  by  the  libei*ated  fatty  adds, 
insoiuhle  in  water. 

Correction  for  Anhydro  dorivativea,  e.g.,  StearolflO- 
tone. — Certain  distilieci  uleines,  Turkey  red  oil,%  ^Src,  contain 
stmrohietmie,  the  ''iinun''  anhydride  of  yoxystearic  acid  (p.  30;; 
when  this  is  hoated  with  alcoholic  potash,  it  forms  potaAsxam 
oxystearate,  whioli  neutralises  an  et^uivalent  of  alkali  (Cj^Hj^Oj 
=  300);  hut  when  the  resulting  soap  is  decomposed  by  a  minenil 
acid,  steanilaetone  is  reproduced,  Tf  the  mixed  fatty  acids,  <te., 
thus  tVirmed  be  titrated  witliout  heating,  an  insoluble  acid 
numlier,  corresponding  with  only  the  free  fatty  acids,  will  hp 
indicated,  the  stearolactone  not  Ijeing  converted  int<*  potassium 
ijxystearote  instantaneously  in  the  cold ;  so  that  an  apparetU 
^xufencfi  of  sufuhle  fat f if  ucvis  is  indiraMi  by  the  diflerence 
between  the  total  acid  nundjer  obtained  at  first,  and  the  value 
obtained  during  the  titration  of  the  free  fatty  acids— t.e»^  their 
apparent  neutralisation  number.  The  ilifficiency*  however,  is 
made  up  if  the  neutralised  fatty  acids,  tire.,  be  hc^ated  with  excess 
4jf  alcoholic  potash,  and  then  hack-titrated,  so  as  to  determine  th« 
alkali  neutralised  by  the  formation  of  oxysfcearate ;  from  th<i 
amount  thus  neutralised  the  stearolactone  can  be  calculated 
1  C.C*  of  normal  acid  representing  282  milligrammes-  Or  the 
stearolactone  may  be  dissolved  out  from  the  neutralised  fatty 
acids  bv  means   of  ether  or   benzol ine,  and   directly  weighed* 

(p.  119): 

Corrections  for  Free  Patty  Acida  and  for  Unsaponifiable 
Matters. — Tf  the  substance  examined  contain  free  fatty  acids  or 
unsafK»niliable    matters     the    above    methods     ret|uire    certain 

corrections;   thus,   the  value    E  -  -,  found   as   alxjve   for  the 

saponification  etjuivalent,  does  not  represent  the  true  equivaleiit 
of  the  i^lyceride  or  other- com pountl  ether  present  along  with 
other  matters,  but  only  the  tneaii  f'fjnivfth'jif  *»/  aff  tl^  mthtftanef* 
present  (infinity  in  the  case  of  non-saponifiable  suKstances).  H 
as  is  usually  the  case,  the  unsaptmifiable  matters  present  tat 
insoluble  in  water,  the  weight  of  substances  obtained  on  sapoai- 
fy ing  and  weighing  the  liberated  fatty  acids,  is  too  great  hy  the 
amount  of  unsap^nitiable  F^ubstances  present ;  and  also  by  Uli 


V 


•  lienedikty  Monalsh^/te/iir  ChemU,  11,  p.  7b 
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_^t  of  fatty  acids  original ly  present  in  the  free  state:  tliese 
Idetermined  as  described  on  pp.  116,  111*. 

Suppose  that  a  weight  of  substance,  W,  wlien  saprmiiied  with 

Jkali,  neutralises  n^  c.c.  of  nt»rnial  fluirl ;  anrl,  tis  the  result  of  a 

previous  titration  l>efore  sapmifying,  nuppost^  that  n.,  c.c.  represent 

the  normal  alkali  equivalent  to  the  free  fatty  acids  present  in  the 

tame   weight,  W,   and  that  tr^    milligraunnes   is   the  weight  of 

tiese   fatty  acids.     Further,   let    the    weight    of  ■unaapfjnifiable 

fiuaUer  contained  in  W  of  substance  be  ic.  niilligraunneH.     Then 

Ithe  sapriniliable  compound  ethers,  glycerideSj  *fec.,  present  weigh 

iW  —  itjj  —  w,^  milligrauioiea ;  and  the  normal  alkali  neutralised 

why   tliem   on    saponihcation    iti    Wj  —  n.j ;    hence    the   corrected 

jBiiponiJication  ec|niva1eiit  of  the  saponitiable  Tnatters  free  from 

iTni>tiritie.s  is 

n,  -  n« 

Fid  the  potash  permillage  for  these  saponitiable  matters  free  from 
timpurities  is 


K'  = 


W  -  Wj  -  Wf 


X  5(S,lOO, 


Sometimes  it  happens  that  during  sapoiutication  products  are 

[formed  that  are  insoluble  in  water  and  €r»imc(|uently  swim  up  to 

^|l  top  when  the  resulting  soi\ps  are  dec*>nipi>sed  by  a  nnneral 

80  as  to  sejxirate  the  fatty  acids  foruied  by  saponification ; 

^.g.f  in  the  ease  of  cetacean  oils,  w^axes.  tic,  where  alcoliols  of 

high  molecular  weight,  and  not  glyceroh  are  set  free ;  in  such 

eaae^t  i^  order  to  i)i>tairi  a  correct  viduatinn  iif  tlie  fatty  acifls, 

the  quantity  of  such  alcohols,   itc,   mixed  with  them  nnist  l>e 

I  determined,*     This  is  usually  conveniently  effected  by  evapnrat- 

f  ing  to  dryness  the  alcoholic  solution  obtained  when  the  w^eighed 

[  impure  acids  have  been  titrated  (p.  164),  and  dissolving  away  the 

ELlcohols,  tfcc,  with  ether  or  benzoline,  so  as  to  separate  them  from 

I  the  soap ;  the  filtered  solution  thus  obtained  is  then  evaporated, 

land  the  residue  weighed  ant  1  subtmeted  in  nn  the  weight  of  crude 

I  fatty  acids. 

The  equivalent  weight  of  the  fatty  acids  then  will  \ye 


where  ir  is  the  weight  in  milligrammes  of  crude  fatty  acids, 
I  fv  that  of  alci>hols,  tfec,  admixed  tlierewithj  and  /*  the  number  of 
fee,  of  normal  alkali  neutralised. 

•Qwia^  to  ftttponifiiatirm  changes  occurring  on  keeping  or  during 
"  istfi,  It  Bonietimea  hap^^ena  tliat  cousirlenible  qiiantitieB  of  cetylic, 
cylic,  kc.^  alcohoU  are  contained  as  turh  in  sperm  oU,  spermaceti, 
beciiwajc,  oiul  nraibr  eulwtAncca,  in  aiMitioa  to  tliose  existing  a*  componnd 
cthen ;  as  mueb  ob  40  to  50  }i«r  ceut.  has  been  foutiil  in  t;xtrunia  caae^ 
(Alleu  iLtitl  Thomson). 


172  OILS,    FATS,   WAXKS,    ETC 

ICdan  Kquivalent  of  Fatty  Aoids  Contained  in  Soap.— 
In  xhv  examination  of  f>i:i;i|t  it  is  nft-eii  required  t^j  deU^rrnine  the 
mean  e<|ui\^lent  of  the  fatty  acids  present  therein  wi  potash  or 
soda  soap ;  methods  of  calculation  analogous  to  the  alx)ve  are 
then  used.  In  such  eases  the  analytical  methods  used  (Cliapv 
zxt.)  usually  give  tiie  following  data  i — 

PDrcoatAgc  of  total  »lkali  present  (reckone«t  say  m  XiijO),     «    u 
««  alluJi  not  combined  with  f&tty  acida  (so 

tialleii  "freeakali  "K      »        •         •         .     ^     h 
„  tree  &tty  acids  formed  on  decoin position  of 

the  soap  hy  mineral  acids  (tngtstherwith 
iin«apomtied  fat  and  neutral  bodies,  &c.),      =     t 
,,  untaponifioil  fat  and  neutnil  bodies,  kc,^      ,     :=     d 

Then  100  |\arl«  of  mat** rial  coiituin  a  -  h  per  cent,  of  alkali 
(n?ckoned  as  Na^O)  cx»mbined  as  soap  with  fatty  acids,  which 
soap  a^iii  yields,  on  doc* nn position  by  a  stronger  acid,  <*  -  J  per 
cent^  of  fatty  acids  free  fn>m  nnsajjonitie<l  fat  and  neutral  bodies* 
The  mean  equivalent  E  of  these  fatty  acids  is  then  given  by  th^ 
pn^p^'krtion  (31  l>eing  the  equivalent  of  sodium  oxide,  Na^O) 

«  -  ft     :     31     :  :     C  -  «i     :     E, 
e  -  •# 

whence  £  ^  — r  x  31. 

a  ^  » 

The  futty  acids  yielded  by  cokernut  oil  have  an  averiige  oqui- 
\*dcnt  weiglit  of  not  far  fri.)m  '200,  whilst  those  fiT>m  tJillow, 
jKibn  fiiK  and  olive  oil  have  much  higher  values,  n«*ar  275,  still 
liight^r  equivalent  weights  being  p>ssessed  by  the  mixtures  of 
acids  yieldtnl  by  castor  oil  (near  300)  and  oil  nf  lx*n  and  rape 
oil  (near  330°) ;  eerL>tic  and  melissic  acids  from  lieeswax  have 
equivalent  weights  «»f  +lO  and  452  respectively.  Hence  in 
many  causes  the  numerical  value  of  the  equivalent  weight  of  the 
fatty  acids  affords  a  useful  indication  iis  to  the  nature  of  the  oils^ 
A-c.  usefl  in  manufacturing  the  s<jap  examined. 

Calculation  of  Composition  of  a  Mixture  of  Two  Fatty 
Acids  from  their  Moan  Neutralisation  Number. ~In  certain 
casc!^  whore  a  sulxst-iinee  is  examined  known  to  be  a  mixture  of 
two  flifferent  fatty  iu^itls,  tlie  relative  lunounts  of  the  two  consti- 
tuents can  be  at  least  approx  in  lately  calculated  from  their  mean 
neutralisation  number.  Thus  in  t!u?  case  of  a  mixture  t if  jHtlmM 
tirid  (molecular  weight  =  2-Jli)  and  x/z-iirto  acid  (284)»  let  the 
neutmlisation  nundx^r  of  the  mixture  be  n ;  the  mean  molecular 

weight  of  the  mixture  will  accoixlingly  be       *        (p.  1G4).    Hence 

the  following  table  givea  the  relative  proportions  of  the  two 
acids : — ^ 


beichebt's  test. 
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» 

PercenUse  of 

Meui  MoleeuUr  Wdfht. 

Palmitic  Acid. 

stearic  Acid. 

256 

100 

0 

258-8 

90 

10 

261-6 

80 

20 

1                   264-4 

70 

30 

i                  267-2 

60 

40 

1                  2700 

50 

50 

i                  272-8 

40 

60 

!                  275-6 

30 

70 

i                  278-4 

20 

80 

281-2 

10 

90 

*                   284-0 

1 

0 

100 

The  following  formula  gives  the  same  result : — Let  S  l»e  per- 
centage of  stearic  acid,  and  M  the  mean  molecular  weight  ;  then 

S  =  (M  -  256)  X  — 
=  (M  -  256)  X  3-571C. 

In  similar  fashion  the  relative  proportions  of  any  other  two  fatty 
acids  in  a  mixture  thereof  can  be  calculated. 


REICHERT'S  TEST. 

Various  natural  oils  and  fats  yield  on  saponification  the  alkali 
sjalts  of  mixtures  of  acids,  some  of  which  are  refulily  volatile  with 
the  steam  of  water  at  ordinary  pressure,  and  others  practically 
non-volatile.  "Reichert  *  has  based  on  this  a  useful  method  for 
the  examination  of  butter  as  regards  adulteration  with  other 
kinds  of  fatty  matter  (oleomargarine,  tkc),  these  lululterants 
furnishing  much  smaller  proportions  of  volatile  acids.  In  prac- 
tice, it  is  not  convenient  to  continue  the  distillation  until  all  the 
volatile  acid  present  has  passed  over,  so  that  a  particular  method 
of  manipulation  is  employed,  in  order  that  an  approximately 
constant  fraction  of  the  volatile  acids  may  be  distilled  off.  For 
this  purpose  2-5  grammes  of  the  fat  to  be  examined  are  heated 
with  25  C.C.  of  approximately  seminormal  alcoholic  potash  in  a 
flask  with  reflux  condenser,  until  saponification  is  complete ;  the 
alcohol  is  evaporated  off  (by  transferring  to  an  evaporating  dish), 
and  the  residue  dissolve<l  in  water,  slightly  acidulated  with 
dilute  sulphuric  acid,  and  made  up  to  70  c.c,  of  which  50  are 
distilled  off.t     The  distillate  is  filtered  if  solid  acids  insoluble  in 

•  ZeiU,  Anal,  Chem.y  18,  p.  68. 

t  To  avoid  bnmpiDg,  pumice  stone  with  platinum  wire  coiled  round  should 
be  placed  in  the  distilling  vessel. 
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culd  water  have  pjussed  over,  and  titrated  with  decinonnnl  alkaligl 
usin^'  I>heiuptphthalein  as  indicJttor.     Working  in  this  way  ahoni 
I  of  the  total  volatile  acids,  soluble  in  water,  of  genuine  bolter 
are  oljUiined  in  the  distillate. 

The  following  table  m  given  by  A,  H,  Allen,*  representinf 
the  collected  results  obtained  by  himself  and  other  analysts 
employing  this  method  of  manipnlating :  — 


0.C  of  DwiTioniwl 

Snbttanee  ofwlilcb  S  fi  graoime*  mh  VMd. 

AiUti  nemrtiliwa  bT 
DJgtilliite  (nu<rwl 
when  uecou&i7(. 

^•^"SiSSLf^ 

Milk  Fats- 

Cow  a  butter,    .... 

12-J  tol5-2 

2  80  to  3-41 

Ewt'a  butter,    .... 

13-7 

31>7 

tioAt'a  butter,    .         .         ,         . 

136 

3<I5 

Porpoise's  butUr, 

113 

2  51 

Animal  ^t  Veuktarle  Oils  &  Fats— 

1 

Cokcniut  oil,t  . 

3-5  to  3  7 

O-TStoO-S.^     1 

Palmnut  oilp      . 

2-k 

0-54           \ 

Palm  oil 

0-8 

0'1«          ' 

L'acao  butt<?r 

MJ 

0'3«> 

Butterine  and  oleomargarine,    . 

0  2  to  liy 

0^  to  0  36 

Whale  oil, 

3  7  to  P2'5 

U'83to2-S0     1 

Porpoise  oil,      ,         ,         ,         , 

11  topi 

2-47  to  209 

Sperm  oil,          ,         .         .         . 

13 

029 

Bit  tie  nose  oil 

1-4 

031 

Meuhadeu  oil,  . 

1*2 

0-27 

Cmi  liser  oil 

11  t^2  1 

0-24  to  0*47 

SeaamG  oil>        .... 

2 '2 

0^ 

Cotton  se<id  oil , 

0  3 

0D7 

Castor  oil,         ,         ,         .         , 

1-4 

031 

Meissl  *  slightly  mocHfies  Reiehert*s  test  by  using  5  gramniiSj 
of  fat  instead  uf  2*5;  the  evaporated  aleohrdic  soap  is  dissolved  ill 
10€   ex\    i»f    water,   and   acidified   with   4U  e.c.   of  10  per  cent 
sulphuric  acid  solution.     110  c.e.  are  distilled  oft,  of  which  100  i 
filtered  through  a  dry  filter  and  titnited^  the  decinormal  alka 
consumed  being  increased  by  one  tenth,  to  alluw  fur  the  10  cc 
not  used.    The  results  are  usually  somewhere  aljout  double  l' 
obtained  l>y  Keichert's  method  of  manipulation— t.<f.,  are 
the  same  per  given   weight  of  butter,  taking  into  account 
douliled  W4*ight  ot  fatty  matter  used. 

The  folio wirig  table   is   given   by  Schadler,   representing  th^j 
number  of  c.c.  of  decinormal  alkali  neutralised  by  the  voU 

•  Cominercial  Organic  AntxJtyttin,  vol,  ii.,  p,  4G. 

t  By  addhig  more  water  and  continuing  the  distillation,  a  lar^e 
of  solid  fatty  acid,  mostly  inaohible  in  wat^r  (chietly  la  uric  acid),  « 
distilled  over  in  the  case  of  cokenmt  i»il, 

X  iJin^jkr*  Fohj,  Jounu,  233,  p.  22y. 
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acids  distilled  off  when  the  Reichert-Meissl  test  is   employed 
(5  grammes  of  material  used) : 


Name  of  Oil.  &c 
ArachiB, 
Almond, 
Cotton  seed, 
Cokernut,  . 
Cod  liver,    . 
Castor, 
Colza,  crude, 

„       refined, 
Lard, 
Linseed, 
Nut  (walnut), 
Olive, 
Pahn, 

,,     kernel, 
Poppy 
Seal  oil. 
Sesame, 
Sunflower,  . 
Tallow  (ox), 

„       (sheep). 


C.c.  of  Dcdnormal  Alkali. 

0-4 

0-55 

0-95 

7  3 

0-4 

4  0 

0-90 

0-58 

110 

0-95 

0-92 

15 

0-5 

3  4 

06 

26 

12 

0-5 

10 

12 


Several  other  modifications  of  Reichert's  mode  of  manipulating 
have  been  proposed  by  different  chemists  with  the  object  of 
obtaining  greater  accuracy ;  thus  Wollny  *  employs  special 
precautions  to  avoid  the  presence  of  carbon  dioxide  in  the 
distillate  and  eliminate  its  disturbing  effect,  and  prescribes  that 
the  distillation  (using  5  grammes  of  butter  fat)  should  always 
last  the  same  time,  30  minutes.  Similarly,  Leffmann  and  Beam 
use  a  solution  of  caustic  soda  in  glycerol  instead  of  alcohol,  to 
diminish  possible  formation  of  volatile  acids  by  the  action  of  the 
alkali  on  the  alcohol.  Methylic  alcohol  is  used  by  others  for 
the  same  purpose.  Admitting  that  pure  butter  fat  gives  a 
Reichert- Wollny  number  =  27,  and  that  the  corresponding 
number  for  average  margarine  is  2,  then  a  sample  of  butter  fat 
mixed  with  margarine  and  giving  the  number  R  will  contain 
X  per  cent,  of  margarine,  where 

27  -  R 
a:=100x  ^  -25-  ^  =  4(27- R). 

The  term  "Reichert  number"  {Reiclvert'sche  Zahl)  is  frequently 
given  to  the  figure  expressing  the  number  of  c.c.  of  decinormal 
alkali  neutralised  by  the  distillate  obtained  when  operating  in 
the  way  prescribed  by  Reichert,  using  2*5  grammes  of  substance; 
and  similarly  the  terms  "Reichert-Meissl  number"  and  "Reichert- 
Wollny  number  ^'(JieicJiert-Meiitsrsche  Zahl  and  Rnchfrt-  Wollni/'sche 
Zahl)  to  the  corresponding  figures  obtained  when  Meissl's  or 
WoUny's  modification  of  Reichert's  process  is  used  (employing 

*  The  Analyst,  1887,  p.  203,  tt  seq, ;  from  the  Milch  Zeltung,  1887, 
Nos.  32-35. 
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5  irrammes  of  Hubstance).  The  two  Litter  nuniliers  lire  pack 
approxiniately  doulile  tlie  first  on  account  of  the  larger  weight  <i( 
material.  To  iivoid  confuHion  between  these  diif'ereiit  values^  i| 
is  coTivenient  to  translate  them  intc^  terms  of  cauKtic  poU 
(KOH  =  O'G'l)  netitraliserl  hy  the  volatile  acid  obtained  fruntl 
1,000  parts  of  subHtance,  to  which  value  the  term  ^*  lyj/att/c  add 
n7a«/>i*r"  (or  volatile  acid  potash  permilktge)  may  l>e  convenienllfj 
applied  ;  this  tranislation  is  eftected  by  means  of  the  formula 

Volatile  Rcid  number  =  R^ichert  number    .         .      x  21244 
,»  ,,  =  R«icliert-Meissl  ninnber       x  1-122 

I,  „  =  Heichert-Wolliiy  iiiniilier     x  I '122 

The  volatile  acids  thus  indicated  are  usually  considerably  l>elQV 
the  t'otjd  amount  actually  present;  ficcardin*,'  to  Allen,  the  defi- 
ciency is  srmie  where  aliont  onc-tiftb  in  the  case  of  butter  fat,  and 
presumably  in  alxiut  the  .same  prnjH>rtion  in  other  e^Lses.  When 
SI  iieiirer  approximation  is  rcipiisite  tfi  the  tutal  volatile  acid 
present,  water  must  be  addeil  in  the  residue  in  the  retort  and 
dii^tillatirm  reconnnencetl,  and  so  on  im  lonu  as  iieid  vapmr**  pas* 
over  ;  or  more  conveniently,  steam  may  be  blown  through  the 
liquid  fn>m  a  separate  boiling  vesael. 

BROMINE  AND  IODINE  ABSOP.PTION. 

Organic   compounds    containing   a   LTiMUp    of    the    ehamcte 

-  CK  =  CS  -  tend   to  combine   with   two   alonis    of  n    give 
halogen  such  as  linnnine  or  ioiline,  formin«i  a  ♦^roup  of  foi-muli 

-  CEBr  -  CSHr  -  ^  or  -  ( 'Rl  -  CJSI  -  .  Aceordin^fly,  fu-^anic  acid 
thus  constituted  are  capable  of  uniting  directly  with  halogens  t 
an  extent  dependent  on  the  numl>er  of  times  that  such  **doably 
linked  ''  earlxni  groups  occur ;  thus  oleic  and  ncinoleic  acids, 
which  contain  one  such  doubly  linked  pair  of  carbon  atoms, 
unite  with  Br.,. 

iKck'  Atitl.  PibniDicutcMie  Ac«l 

<^i-H:,3.C0.0H  +         Br:r        =         C,7H,,sBr, .  CO  .OH 

Itkkunli'lc  .^cSil  lJibriiijiuxfst<f«rie  Add. 

Similarly,  linoHc  acid  CDtnV>ines  with  Br^,  as  it  contains  fieo  *  sue 
doubly-linked  pairs  of  car  lion  atoms. 

Linollr  .\vu[.  Tetrnbroinf*tearic  Arid. 

CirHai.CO.OH      +      Br*      =      CuH^iBr*.  CO.  OH 
Wliibtt  linolenic  acid»  C4mtaining  3  such  pairs,t  unites  with  Br^- 

LitioluDic  Aclil  UeiAbroiJiofltejiric  AdU 

CirH,K,.CO-OH      A-      Hrr,      =      CkHooBfo  .  CO .  OH 

•  Or  posaibly  a  trehly-linketl  pair  of  carLoa  atoms,  fonning  the  group^ 

-  C     -C  -,  wliieb»  by  uniting  w^th  Br^,  produces  a  group  of  forontU 
CBr,      CBr,  - , 
t  (U'  poMibly  one  trebly -linked  pair,  ttn<l  one  doubly-Uiiked  pair. 
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In  certain  CAses,  tlio  bromine  {wJditiuii  prcxlucts  thuH  formed 

^mre  crystallisable,  ami  tliu8  Jiffoni  the  means  of  separating  organic 

^B^ids  from  one  another  (j>p.  27, 3ii,3G);  in  any  ease,  by  determining 

^Mie  quantity  of  halogen  fixed  l>y  a  i^fiven  acid  or  mixture  of  acids, 

^^kseful  information  is  often  tihtained  an  to  the  nature  of  the  fatty 

^^icids  present  •  for  instance,  if  a  mixture  of  stearic  and  oleic  acids 

took   up,  say,  45   per  cent,  of  its  wei;i^ht  of  iodine,  since  stearic 

acid  tAkes  up  no  iodine,  and  oleic  acid  90  per  cent,  of  its  weight, 

it   would   result   that  the   mixture  contained   the   two  acids  in 

approximately  equal  quantities.     ^letljods  for  the  deterudnation 

of  thtr  amount  of  oleic  acid   in   mixLurc*s   of  this  kind   are  of 

^■ponsideriiljle    pnictical    utility;    iit    particular,    the    author    has 

^|pbund  the  method  useful   in  (Jeterminin«(  the  proportion  of  oleic 

■      acid  eijntainetl  in  the  '^stearine'*  used  for  eandle  making. 

I  Precisely  the  same  remarks  also  apply  to  the  ^lycerides  of  the 

^Hbttj  acids,  with  the  sole  ditTerenre  that  their  combination  with 

^^■alogens  generally  tiikes  phi.ce  more  slowly  than  is  the  case  with 

^Bihe  fatty  acids  contained,  or  with    the  parent  hydrocarbons  of 

^Bihese  fatty  acids. 

^H  A»  far  liack  iis  1857,  attempts  to  utilise  the  reliction  with 
^^Jroniine  for  the  pnicticiil  discrimination  of  fats  were  made  by 
Cailietet,  and  subsequently  by  A.  H,  Alien,  Milln,  and  others; 
"tiut  although  in  certain  citses  useful  results  are  thus  obtjiinable, 
.  practice  it  is  found  that  the  use  of  iodine  is  preferable,  more 
"ully  when  applied  in  the  mrMUfied  fr»rm  proposed  i>y  Hiibl 
m/m),  where  mercuric  chloride  and  iodine  are  dissolved  in 
liol,  and  the  cfjmpounrl  solution  allowed  to  act  on  the  fat. 
In  this  case,  the  product  formetl  Ls  not  simply  an  iodine 
idition  product;  the  mercuric  chloride  appears  to  be  more  ur 
ss  transformed  into  mercuric  itjdide,  witli  formation  of  chloriLle 
iodine,  so  that  the  addition  product  contjiins  both  chlorine  and 
iine ;  thus  oleic  acid,  Ojj.H.j^O,^,  treated  witli  this  reagent 
ecom  es  most  I  y  c<  >  n  ve  rted  i  nt/j  cl  i  lo  ri  odos  tea  r  i  e  ac  id ,  C  ^  ^  H  ^  ^  G 1 1 0 .., 
fcnd  similarly  in  other  crises.  Tlie  chlorine  thus  added  on  is  in 
practice  never  reckonetl  as  such,  Viut  as  its  et]uivalent  in  iodine  ; 
HO  that  1*82  parts  of  oleic  acid,  when  treated  with  Hiihl's  reagent, 
are  regardeii  nn  combining  with  2  -  1^7  =  256  pirts  of  iodine, 
^_^  though  usually  the  ctmjjwjund  prtnluced  is  for  met  I  by  taking  up 
^B|27  pJirts  of  iodine  4-  35"-5  j)arts  of  chlorine, 

^^    Bromine  Procoss. — The  bromine  absorption  process,  as  im- 

r     pDiVod  by  Mills  and  Snodgniss,*  and  Mills  ami  Akitt,t  consists 

in  diiss4jlving  bromine  in  carbon  disulphide,  or  preferably  eai'lion 

teiraeliloride,  to  a  solution   contjuning  0  6   to  U7  per   cent,    of 

bnnnine,  and  adding  this  to  a  solution   of  a  weighed  quantity 

of  oil  in  the  sftme  solvent^  until  no  more  combination  takes  place. 

the  earlier  experiments  with  carbon  disulpliide  a  slight  excess 

'broujine  was  added,  and  the  colour,  aft^^r  standing  1-5  minutes, 

•  Journ.  Soc.  Chem,  InduMrff,  1S83,  p.  435.  t  Ibid,,  IBH4,  p.  3€6. 
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PercenUge 

8t«cific 
OniTityat 

PolDL 

RdBAifca. 

Almond  oil,     , 

26-27 

'91G8     , 

... 

Expressed  from  Htm  , 
almonds. 

ft              *        « 

53  74 

-9154 

... 

Expressed  from  tvwl 
almonda;  yellower. 

Beeswax, 

0-54 

,,, 

03-0  1 

English,  a  few  matalktl 
old  ;  \ery  yellow. 

i»                •        " 

0 

... 

63  2 

Scotch,  8  yeaii  old ;  pak 
,.2      „      yellwr. 

i>                •        • 

0 

*.. 

62*9 

»i 

0 

^.. 

63*3 

1 

if           *            •*                  ft 

Ben  ail,   .        .       . 

62-93 

*9198 

•«■ 

Much  aolid  fat. 

60-89 

-9161 

•«• 

Xa  aolid  fat. 

Caniauba  wax. 

33  50 

.>. 

841 

...                 ... 

Cod  liver  oil,   . 

83-12 

•0269 

... 

Scotch,  7  years  old ;  ran- 
cid ;  clear  portion  mod;. 
I  hour's  absorption. 

M                       • 

84-03 

•9292 

.,* 

Korwegian,   rednedt  2 
years  ohl. 

»>                       '              • 

mm 

•9267 

Japan<^be,  2  years  old. 

»l                        »              • 

81^61 

•9277 

Scotch,  2  years  oliL 

»t                        *              • 

86  60 

-9281 

..« 

Crude,  from  liver  refoie; 
a  few  months  old- 

ft                        •              • 

83*01 

9318 

Norwegian,  1  year  diL 

11                        •              • 

821^7 

-927S 

.*. 

«cot-ch                    „          ! 

Croton  oil, 

46'Ofi 

^11441 

»•• 

20  hours*  afasorptioiL 

EucaljTJtus  oi], 
Rome  Ut, 

94  (H) 

■H6D1 

•  a. 

...                «« 

35-67 

..*       1 

... 

Pasty ;  well  mixed. 

Japui  wax. 

2-33 

.*• 

60*5 

..* 

1,  (another  sample )» 

1*53 

... 

50*8 

... 

*Tavft  nut  oil  J    , 

3024 

... 

... 

.».                 ..« 

Ung  liver  oil, 

S2'44 

*9295 

... 

2  years  old  ;    1  honr*! 

11 

abftorption. 

Maiae  germ  oil. 

74*42 

*92G2 

...     ' 

4  years  old. 

t 

Mustanl  seed  oil,      . 

46-15 

-9152 

... 

East  Indian.                   i 

Jlyrtle  wax,     . 

6-34 

*.* 

44*3 

* ♦ .                 ... 

Neat'a  foot  oil^ 

3S-33 

•9147 

••• 

Thick. 

Niger  seed  oil. 

35' 11 

■9244 

... 

..«                ... 

Olive  oi!,           .         ♦ 

59-34 

'9266 

... 

Thick  brown;    "btit 

salphocarlwn." 

»»                *        * 

60-61 

^9382 

••• 

Thinner  grfccm?r;  ''low 
4tmlity  sulphocarboo.' 

Palm  oil, 

36-44 

•■• 

... 

Crutlc  old  CaJabar. 

11                .        ♦ 

34-96 

... 

... 

,,      Lagos. 

Peach  kernel  oil, 

25-40 

-9175 

•*• 

... 

Poppy  oil. 

66-54 

■9244 

... 

Turbid;  filterod. 

Resin  { common), 

11270 

*.. 

... 

Ijtrht  colour. 

Seal  oil,    . 

57  34 

i)24l 

..* 

Tale;  1  bour'fiabaorptiflfl. 

II         •        •        ♦ 

59*92 

*921G 

... 

Bnrk. 

Sesame  oil,        » 

47^15 

•9250 

... 

...                ... 

Shark  liver  oil, 

S4-3a 

•9293 

*" 

A  few  montlis  old; 
1  hour's  aliaorjilioiL 

Sunflower  oil,  » 

54%T2 

•9391 

... 

Colourless  ;    aboQt   14 
years  old. 

Whale  oil, 

30"92 

•9199 

... 

Norwegian  win  to  wfail^f 
vcr>'  thick. 

b 

ft             ■        • 

48-69 

*S7S0 

BottlenoBc  whule.          , 
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ipared  with  that  of  a  known  amount  of  Irromine  dissolved  in 
jjn  iJisulpliifle,  so  a.i  to  olitatn  a  colonuietrie  valuation  of  ihe 
or  tbe  excess  of  brondiie  was  estitiiated  by  tKldiug 
iuni  iodide  and  titrating  with  thiosulphate.  In  the  later 
exprriments  with  carhon  tetrachlonde,  about  0*1  gramme  of 
oil  was  dissolved  in  50  c,c,  uf  tetrachloride,  an  excess  of  hronjine 
tdilatiun  addeti^  and  after  15  minutei*  the  excess  hack -titrated, 
eitlier  by  the  coloration  nit^tlnxK*  by  itxlide  and  thiosnlphate, 
or  by  a  s^tandard  solutiun  of  j3  naphthol  in  carbon  tetrachloride* 
y  The  tJible  on  p.  178  gives  the  results  of  a  nunil->er  uf  deter- 
Mii  nations  thus  miide. 

Iodine  Process — Hiibl's  Test, — The  iodine  al sorption  ]>ro- 
cess  #jf  Baron  Hubi  is  thus  worked,  t     An  alcoholic  solution  of 
mercuric  chloride  and  ifxhiie  in  pure  95  per  cent,  alcohol  is  pre- 
pared by  dissohiug   50   jj^rnis.  iodine  in  one  litre  of  spirit^  and 
60  grms.  corrosive  sulilimate  in  another  litre,  filtering  the  latter 
if  ueoessLary,  and  mixifi*^:  the  two  solutions ;  preferably  they  are 
ipept  apart  and  nnly  mixed  a  day  or  two  !>efore  use  ;  ;j;   the  com- 
pound solution  rapidly  loses  stren;j^th  (as  regards  free  iodine)  if 
fusel  oils  are  present  in  the  alcohoh  methylated  spirit  being  wholly 
jpadmissible ;  in  any  case  the  liquid  should  1)8  allowed  to  stajid  at 
^■a^st  a  day  before  use,  so  that  any  small  quantity  of  iodine- 
^Dnsuming  Impurities  may  l)tr  eliminated  as  far  as  possible ;  the 
actual  iodine  strength  must  be  tletermined  from  time  to  thne  to 
^Uow  for  depreciation.     Fi'om  *2  to  *3  ^no*  of  dryin^^  oils,  *3  t<3  '4 
Hp  non-dryin£j:  oils,  or  '8  to  TO  grm*  of  solid  iat,  is  dissolvetl  in 
Hp  cc,  of  pure  chloroform  ft./**,  containing  no  iodine-ilestroying 
^■ipurity),  and  to  the  so  hit  ion  30  or   40  e.c.  c»f  iodine  solution 
H)ded,  more  Wing  atlded  if  on  standing  awhile  the  bn>wn  colour 
^jghtens  material ly ;  enough   solution  must  be  juided   in  ail  to 
give  a  lar^e  excess  of  free  iodine  when  the  action  is  complete 
alier  geveiiil  hours  standing.     The  excess  of  iodine  is  titrated  by 
adding  some  aqueous   potassium    ioiilide  solution   (10-15  c,c.  of 
iO  per  cent,  solution,  along  with    150  c.c.  of  water),   and   then 
andanl  soilium  thiosnlphate  (about  24  grms.  to  litre,  standard- 
by  melius  of  jture  sublimed  iodine,   or   by  pure   potassium 
chrrjmate)    until    the   blue   colour   with   starch   paste   is   just 
:i>loriAed,  the  starch  being  only  added  w4ien  nearly  all  the  free 

!•  When  the  oil  la  yellow,  as  with  certain  fiali  oilt^j  the  redness  due  to 
of   bromine   U  best  examined  by  viewing    thruiigh  zi  solution    of 
Bimti  chn'niAte. 
[f  I>rmtjier'A  J*olt/iffL  Jouniai^    I8S4,  pp.  253,  2Sl  ;  iu  abstract,  Journ. 
r.  Ch^m.  Ind,,  'l8H4,  p.  G4U 

^According  to  SaytzerF,  viftruric  hromtd^  is  preferable  to  corroaiv6  sub- 
ate,  the  solution  bvitig  more  stable.     Some  chemista  only  mix  the  two 
lutioas  at  tbe  niotmmt  tbey  are  waiittMl  ;  but  aceortling  to  the  author's 
■icnctv  this  eonsiilei  ably  increaf^c's  the  t-barices  of  error.     If  mercuric 
be  not  Uilded  at  all  {f,if.^  if  ftaohiti<m  of  iodine  in  carlxjii  tetra- 
Joride  be  Ubed),  the  4uautity  of  iodine  absorl^ed  ib  in  some  cases  largely 
EiitiiBhed  a«  couipaied  with  that  taken  up  with  Hul4'8  tluid. 
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iodine  is  clestrojecl.  As  the  excess  of  iotiine  is  dissolved  parUj 
in  tlie  aqueous  liquor  atid  partly  in  the  cliloroforrn,  tvhe  whofe 
must  be  well  agit^tecL  Unless  a  considerable  excess  of  free 
iodine  is  present,  and  the  whole  al!owefI  to  f^tand  for  scvenJ 
hours,  defective  results  are  apt  to  be  obtained  with  glyceridea,  u 
the  assimilation  of  imliiie  witb  these  b^idies  is  not  always  rapid; 
free  fatty  acids  combine  with  it>dine  more  qnickly,  A  good  nric 
is  fc*»  use  an  excess  of  iodine  approximately  equal  to  the  amount 
absorhe^l^*  and  to  alhiw  the  wliole  to  stand  until  the  next  daj 
before  titration  of  the  uncombined  iodine  ;  one  or  more  blank 
experiments  being  simultaneously  arranged  to  allow  for  possible 
depreciation  in  strenjj;tli  of  the  iodine  solution  during  the  period: 
this  lengthened  time  is  more  especially  requisite  in  the  case  of 
oils  absorbing  large  ainimnts  of  iodine.  Thus  the  foUowinf 
figures  illustrate  this  point  (Thomson  and  Ballantyne) : — 


lodiM  Number  rofmd. 

Tlmp  of  Abflor^lon* 

Sed  0«L              1           mumAm, 

2  hours. 

it  :: 

136'6             1              175-5 
1408                           1797 
145-1                            ISi'l 
14o'8                            187-7 
U5-8                        1877 

Similar  figures  have  been  published  by  various  other  obsen'ers  ii> 
the  case  ofglycerides absorbing  large prop»rtionsof  iodine,  whereas, 
with  tree  fatty  acids  and  glyeeride^s  absorbing  but  little  ii^dine.  dn? 
reaction  is  ordinarily  fuund  to  he  practically  complete  in  2  hours. 

When  the  iodine  absorption  i:*f  free  tatty  acids  ig  to  be 
determined,  it  is  iin necessary  to  dis.solve  in  chloroform ;  the 
alcoliolic  mereury-iodine  scdution  may  be  added  directly  to  the 
weighed  fatty  acids,  previously  thinned  a  little  by  warniins 
with  a  small  i|uantity  of  pure  alcohol.  The  fnllowing  tabi** 
represents  the  amounts  of  iocJine  theoretically  taken  up  by  ICN) 
parts  of  the  several  aci*ls  and  their  respective  triglycerides : — 


'                  Itidtne  Abfonii}«>iu               I 

NAIIIti. 

Fonini]|*. 

AcW. 

QlyasrWt 

Hypoijtpic  acid, 

CifiHaoOj 

100*00 

95-25 

Oleitiacid, 

CisHs^t), 

IK)  07 

86  20 

Erucic  acid,     * 

CssH^.O, 

75  15 

7243 

Kicinoleic  acid, 

CifiHa^Oj, 

86-24 

81-7G 

LiDolic  acid,     . 

C|flH42^Jt 

181-43 

17357 

Linoleoic  acid, 

C.BllmOt 

27410 

26215 

I 


*  lu  the  caae  of  oils  abaorUijig  large  quantities  of  ickdine,  a  »till  gnftter 
excefts  lA  preferable,  iibotit  twice  tlic  rjimntily  nbs^nrbcd.  In  M  caMt  tb« 
quantity  of  iodme  used  for  the  blank  t'X|>eri!iient  shtiuld  be  approximatdj 
equal  tc*  the  exceaa  employed. 
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In  actual  practice,  Hiilil  found  that  pure  oleic  acid  toot  iqv 

89'8-90-r>  per  cent,  of  ittfline,  and  <>l>uuned  the  values  quoted  on 

p.  181  on  exaiiiiuiii^  a  variety  nf  fats  and  oils  hj  different  pro- 

cesses sini  111  timet  msl}%  tlie  suhstaiices  Win  f^  divided  Iritxj  7  claio^ 

acconJin;*  to  the  ma;^'nitude  of  the  iodine  iibaorptiou. 

Schadli^r   Ejives   the  followin;^  values  tLH  those  most  gencnllj 

l\jund  pertaining  to  various  oLIn  and  fats,  itc.  : —                         

m 

NwKoofOUorFftt, 

IwtlncNiinitiaof 

Oil,  kc.                            TAitj  Addft 

Almotiti,         .         *         .         , 

82-83                            87-90 

Apricot  kernel,      , 

100-11)2 

-     A 

ArAchis 

0i-D6 

9G-97   M 

Butt«r,           ,        .         •         . 

28-32 

...       ■ 

Bone,     ,        ,        .        .         . 

mm 

50-57    ■ 

Cacao  butter, 

u 

...        ■ 

Castor 

93-94 

».        ■ 

Charlock 

PHUT 

.„       ■ 

Colza,    .         ,         .         .         , 

lOO^lOl 

9799    ■ 

Cokermit,      .         .         .         , 

1)  95 

8*5  90  ■ 

Cotton  seed, 

106-107 

112  115  ■ 

Ciircaa, 

127 

C"au-{-fj;-'.  ;      _ 

128-130 
133  140 

1 

Homp,  ,         .         ,         , 

1J3  144 

122  ISI 

Hedge  radially 

105 

Japaneso  wax, 

4  2 

... 

Linaeed, 

iT7-ns 

155 

Lallemantia  (Gunda^Mt), 

102 

167 

Laril,     .... 

59  60 

Maize,  .... 
Nut  (walnut), 

119-5 
142-143 

125      m 
87-S8    " 

Olive  (salftd), 

S2^S>3 

Olive  kerne]. 

82 

Palm,    .         .         ,         . 

51-5             ; 

Palm  kernel, 

13'5-14 

12 

Poppy. 

134-135 

Pumpkin  secd» 

121 

Rapewed,     . 

98-100 

97-99 

Suet  (ox  tallow,  beef  tallow) 

38-40 

26  3tt 

Seal,      .... 

125-1.'?0 

Seflatn6, 

103-105 

110  111 

Sunflower,     . 

129 

133-134 

Sperm  oil,     . 

88 

Spcrmaeeii,  . 
licamabac,  . 

103 

■ 

63 

■ 

Tallow  (aheep),      . 

43  44 

::.   M 

UnKimdiat     « 

81-5  82 

m-m  ■ 

Wool  grcaae. 

36 

1 

The  following  tables  represent  the  collected  results  pabUsW 

1 
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by  numerous  observers,*  during  the  last  few  years,  as  the 
amounts  of  iodine  taken  up  by  100  parts  of  different  oils  and 
fats  : — 

Vegetable  Oils.    . 


Name. 

Minimam. 

Mftxiniuni. 

Arenge. 

Fresh  linseed  oil,  . 

170 

181 

175 

Commercial  oil,     . 

148 

181 

170 

Lallemantia  oil,    . 

... 

102 

142 

158 

150 

Nut  oil. 

143 

152 

146 

Poppy  seed  oil,     . 

134 

142 

138 

Sunflower  seed  oil, 

122 

133 

128 

Curcas  oil,    . 

..• 

127 

Pumpkin  seed  oil, 

... 

..• 

121 

Maize  oil. 

... 

... 

120 

Cotton  seed  oil,     . 

102 

Ill 

108 

Sesame  oil,    . 

103 

112 

108 

Hedge  radish  oil,  . 

... 

... 

105 

Bape  seed  oil. 

d9 

105 

101 

Apricot  kernel  oil, 

99 

102 

100 

Almond  oil. 

96 

102 

98 

Arachis  oil,  . 

87-3 

103 

96 

Mustard  oil, 

... 

... 

96 

1    Castor  oil,     . 

83 

85 

84-5 

j    Olive  oil, 

81 

84-5 

82-8 

Olive  kernel  oil,    . 

... 

81-8 

Ani&lal  Oils. 


Name. 

Minimum. 

Maximum. 

Avenge. 

Cod  liver  oil,         ... 

126 

153 

140 

SealoU, 

127 

128 

127 

Japanese  cod  hvcr  oil, 
Bottlenose  oil. 

... 

... 

130 
99-5 

Porpoise  oil. 
Neat's  foot  oil,      . 

... 

... 

76-8 
70-3 

Bone  oil,        .... 

66 

70 

68 

Porpoise  oil  oleine, 
Bottlenose  oleine, .        • 

30-9 

49-6 

40-2 
32-8 

•  Hubl,  Moore,  Dieterich,  Wilson,  Erban,  Herz,  Spi'iller,  Horn,  Richter, 
Kremel.  Beringer,  and  Benedikt ;  collated  by  Benedikt. — Analyse  dtr  Fette 
und  Wacfmcirten,  2nd  edition,  pp.  298  and  317. 
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Solid  Fats. 


Nunc.                                1       Mlnicniiiu. 

MMimuin. 

A.^ 

Cotton  ieed  ate*rine,     , 

«•• 

m^ 

Goose  gremiMS, 

... 

-•< 

71-5 

Hog'a  lard,    . 

56 

63 

5f» 

Maci»Biir  oil. 

,, , 

5.1 

Bone  prease, 
Palm  l«utter» 

46':i 

55-5 

52 

50.1 

53-9 

51 

Oleomargarine,      . 

47-5 

55a 

54> 

Laurel  batter, 

... 

49 

Ox  tullow,     . 

40 

44 

42 

Sheep's  tallow, 

327 

46-2 

42 

Wool  grea«e, 
Caciw)  butter, 

a 

37-7 

.16 
36 

Nutmeg  butter,     . 

>.. 

31 

Butter  fat,     . 

19-5 

38  0 

30 

1     Palm  kernel  butter, 

;        103 

17*5 

14 

Coker  butter. 

T-O 

9-4 

9 

Japanese  wax, 

... 

4^ 

Sligbtly  higher  values  still  for  some  of  the  drying  oils  have 
lieen  recently  deduce*  1  hy  Ilolrle  in  the  course  of  an  investigation 
on  the  sources  of  ermr  in  the  Hiibl  te^t.*  the  i^use  being 
assigned  to  more  ccjnipletc  saturation  with  iodine  through  use 
of  a  larger  excess  of  solution^     Thus — 

LinBcedoil, 179  to  180 

Hempeeed  oil 175 

Poppy  seed  oil, 139  to  14.1 

Seaamdoil, .  106  to  109 

Cotton  seed  oil,       .         ,         ,         ,         .         .  110  to  115 

Common  ra]*e  oil, 100  to  108 

ReBned  rai>e  oil, 100  to  107 

The  following  values  have  also  been  recorded  for  the  mi^ed 
fatty  acids  from  various  commercial  oils  : — 


llontwvkiuidJkiiiskJ.  1   WUIIuH^  1 

Linaeed  oil  aciik,  . 
Hemji^ecd  oil  acids, 
Cotton  seed  oil  acids,     . 
Sesivinii  oil  acids.  . 
Pvape  Keed  oil  acitlis, 
Arachis  oil  acids,  , 
Castor  oil  ncida,     . 
Olive  oil  acid% 

155-2  to  153-9 

122*2  to  125  2 

llO'D  to  111-2 

108^9  to  111"4 

90-3  to    99-02 

9:>'5  to    96i» 

SGG  to    «8'3 

S6'l 

178-5 
115  7 

1050 

tin 

9012 

Owing  to  the  tendency  towards  absorption  of  oxygen  exhiUtol 
by  drying  oils  and  the  fatty  acids  obtained  from  them,  there  is 

•  Joum.   Sot.   Chem,   Tnd.,    1891,    p.    054;    from   Mkth,   KCnhjL  r<rA. 
VtrmdiK,  Berlin,  l«9l,  9,  p.  8K 
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always  a  liability  to  obtain  somewhat  different  results  with  free 
fatty  acids  as  compared  with  the  original  oils  from  which  they 
were  obtained,  owing  to  partial  oxidation  during  isolation  and 
drying.  As  a  rule,  absorption  of  oxygen  seems  to  diminish  the 
iodine  absorption  as  might,  a  priori,  be  expected. 

Neglecting  this  alteration,  the  amounts  of  iodine  absorbed  by 
an  oil,  <fec.,  and  by  the  fatty  acids  thence  obtainable,  necessarily 
stand  to  one  another  in  the  inverse  ratio  of  their  respective 
mean  equivalent  weights ;  for  if  E  be  the  saponification  equiva- 
lent of  an  oil,  and  F  the  mean  equivalent  weight  of  the  fatty 
acids  thence  obtainable,  quantities  of  oil  and  free  acid  in  the 
respective  proportion  of  E  to  F  will  combine  with  the  same 
quantity  of  iodine ;  so  that  the  iodine  taken  up  by  100  parts  of 

F 
oil  will  be  ^  times  that  taken  up  by  100  parts  of  fatty  acids ; 

i.e.,  if  I  be  the  iodine  number  of  the  oil  and  I'  that  of  the  fatty 
acids — 


and 


If  the  oil,  <kc.,  consist  wholly  of  triglycerides,  E  =  F  +  12*67 
(p.  165);  whence 

-,  __  Fjf  12^  , 

^  -        p        ^ 


='C-"r) 


Hence  for  fatty  acids  of  molecular  weight  between  250  and  330, 
the  iodine  number  of  the  fatty  acids  is  between  5*1  and  3*8  per 
cent,  greater  than  that  of  the  original  oil ;  so  that  for  the  great 
majority  of  natural  oils  and  fats,  the  iodine  number  of  the  free 
fatty  acids  exceeds  that  of  the  oil  by  an  amount  sensibly  close  to 
4*5  per  cent,  of  the  latter  value. 

Obviously,  in  some  of  the  cases  above  tabulated,  a  notable 
difference  must  have  subsisted  between  the  samples  used  for  the 
determination  of  the  iodine  number  of  a  given  oil,  and  of  that  of 
the  fatty  acids  derived  from  the  same  kind  of  oil,  since  the  latter 
values  are,  in  some  instances,  less  than  the  former  ones  instead 
of  exceeding  them  by  about  4*5  per  cent,  of  their  value. 

The  theoretical  amount  of  iodine  corresponding  with  100  parts 
of  pure  olein  is  86*2  parts.  From  the  numbers  above  tabulated, 
it  is  obvious  that  many  of  the  fluid  vegetable  oils,  usually 
regarded  as  non-drying  (arachis,  almond,  apricot  kernel,  ikc), 
contain  fiome  small  amount  of  glycerides  of  the  linolic  or  drying 
class,  since  their  iodine  absorptions  exceed  86-2  ;  a  fortiori,  with 
oils  of  the  intermediate  class  exhibiting  a  slight  amount  of 
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^'^^  ^  cS:S}<^  - 


X.CCjHiO 


Btaining  alcioholifomi  hydroxjl  09 
vith  aeetie  anhjdndey  an  action  t^cs  pliee 
aaj  be  rcganfed  as  the  oonTerse   of  saponilication  or 
lijiliirf^ab ;    the  hjdroxylatod    hodj^   X .  OH,    acts   upon  tk 
'  "    im  mooatJmmm  wiik  tiie  equaiioii— 

fiTiBg  rise  to  a  com  pound  ether.  Folyhydroxjluted  bodi«s 
behave  in  the  ajne  way.  one  acetyl  group  being  Ukkeii  up  for 
€acii  alooholifomi  hyditunrl  group  present ;  thus  glycerol  trailiid 
with  aoetk  anhydnde  beo^nes  transformed  into  tnaoetiii  in 
aooordanoe  with  the  equation — 

30^0. 

On  this  reaction  is  based  a  tiiethnd  for  the  analytical  examination 
of  commercial  glycerol  (Chap,  xxir,)  Benedikt  and  Ulzer  hnvc 
also  attempted  to  utilise  this  reaction  to  di^^^tinguish  hydroxylateij 
organic  acids  (like  oxyatearic  and  ricinoleio  acids)  from  wm- 
hydroxylated  acids,  such  as  stearic  and  palmitic  acids.  Unir 
method  is  based  on  the  assumption  that  acetic  aidiydride  exert* 
no  action  on  the  hydroxy  I  of  the  CO  ,  OH  group  of  an  orgiaic 
acid,  but  does  act,  in  accordance  with  the  above  equ^OD, 
on  any  alcoliuliform  hydroxyl  contJiined  therein  ;  so  that  if,  ibr 
example,  stearic  acid  be  treated  with  acetic  anhydride,  and  tht 
prrxluct  heated  with  water  so  as  to  decompose  excess  of  acetic 
anhydride,  simply  uncliangerl  stearic  acid  results;*  whereas,  if 
oxystearic  acid  be  similarly  treated,  a4^tt/l  ox^fstearic  acid  is 
produced,  thus — 


GITBXPL 

AmticA^r4ri^ 

TTfMeUtt. 

CHf.OH 

CH-.O.C,HaO 

CH  .OH 

+       3(C2H40)a)      - 

=    cH'.o.caijp 

CH, .  OH 

CH.,O.C;HaO 

OiyitciLric  AeiU. 


ActUc  Atihydridc. 


Acetyl  OxystMrtc  AciiL 


P   jr     JOH  .      aHgO}^    -^     r    M     ^0,C,Hj,0      ^     «w^ 

^iTtisi  1  t^O .  OH     ^     c:H30(^     -     *^J"*^«<icO,bH         '^     *^W^ 

The  acetylated  acids  thus  formed  fire  stated  to  be  moderatriy 
stable,  not  Ijeing  apprecial)ly  hydrolysed  by  the  action  of  the  hot 

*  This  assnmption  h  entirely  at  variiuiGe  with  the  results  oblamed  hf 
I>owkowit8ch ;  vldt:  in/ra. 
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le 


ater  requisite  to  decompose  the  excess  of  acetic  anhydride  pre- 
sent. Accordinfjly,  if  after  thus  removini;  excess  of  acetic  aiihv- 
dride»  the  resulting  acetyl  acid  l>e  titrated  with  standard  alkali, 

me  €*(iui%alent  of  alkali  will  lie  directly  neutralised  ;  whilst  if  it 
heated  with  excess  of  alcoholic  alkali  so  a^  to  sap^mify  it, 
reproducing  oxy stearic  acid  and  acetic  acid,  thus — 


H„0 


Oiyal^aric  Add. 


C.HiOa 


I' 

^Ktiiro  equivalents   will  be   neutralised  in  all,  the  second   by  the 
^Kacetic  acid  formed.     In  the  case  of  a  mixture  of  acids  containing 
^■bydroxyl.ited  and  nou-hydroxylated  constituentji,  the  proportion 
^P of  the  latter  can  be  estimated  by  determining  the  extra  aioount 
^^of  potash  neutralised  on  saponification,  as  compared  with  that 
neutralised    directly.      The  t-erm   **  acetyl  nundjer^^  (acelt/lzahl)^ 
is  used  to  indicate  the  weight  of  potasli  (KOII  —  ^G'l)  neutral- 
ised   by    the   acetic   acid    formed   from    1,UU0    parts    of    mixed 
acetylated  product,* 

The  acetylation  process  is  carried  out  thus  :■ — The  free  fatly 

P acids  formed  by  saponifying  a  given  sample  of  oil   and  decom- 
posing the  soap  by  a  mineral  acid,  are  boiled  for  two  hours  with 
an  equal  volume    of  acetic  anhydride  in  a  ilii.sk  with  inverted 
I       condenser  attached  ;    the    mass   is  then  Ixiiled  for  half  an  hour 
^K  vrith  about  20  parts  of  water  ;  the  acetic  acid  solution  formed  is 
^V  siphoned  offhand  the  treatment  with  boiling  water  repeated  three 
times,  so  that  finally  the  water  is  free  from  acidity  after  boiling 
for  half  an  hour.     The  acetylated  piTxluet  is  then  filtered  through 
a  dry  filter  paper  to  remove  water,   and  a  weighed  quantity 

I  dissolved  in  pure  alcohoL  Standard  alcoholic  potash  is  added  to 
neutrality,  and  the  amount  neutralised  noted ;  more  than  as  mucb 
a^ain  is  then  added,  and  the  whole  heated  to  Ixtiling,  whereby 
ihe  acetyl  derivative  is  saponified  ;  the  unneutralised  alkali  is 
then  back  titrated.  Thus  in  the  case  of  the  fatty  acids  from  a 
luimple  of  castor  oil  the  fallowing  figures  were  ribtained  :t — 3*379 
grammes  of  iveetylated  product  neuti'alised  17 '2  c.c,  of  seminormal 
potush,    whence   tlie    *' acetyl   acid   number*'   is    142*8,      After 


I 


I 


*  Benedlkt  and  Ulzer  term  the  potash  directly  neatralised  by  1,000  parts 
of  mixed  acetylated  product,  the  "acetyl  acid  number  "  {atiftyhiiurfzahl), 
and  the  total  nentraliged  on  saponilication  (sum  of  actftylzahf  and  aeelift- 
rtitirtzahf)  **  the  acetyl  sapontBcation  number^'  {acefytversfi/nngazmhl}* 
TbuA  the  theorecical  values  lor  acetyl  oxyolcic  (ncinoleic)  acid  ore — 


Acetyl  number, 
Acetyl  acid  number, 


165 -0 
165-0 


Acetyl  saponification  Duml>er,  .     vt30'O 


t  B«nedikt,  Analyn  der  Ftttt  und  Wachsarien,  2nd  edition,  1892,  p.  1H» 
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addition  of  32^8  c,c,  more  potaali  and  boiling,  14*3  c,e,  were  fouml 
to  be  unneutralised,  whence  18*5  c.c.  represent  the  acetic  Add 
formed  on  saponiH cation,  giving  the  **  acetyl  number  **  15*i*6,  and  | 
the  *' acetyl  saponification  number"  U2'8  +  153*6  =  269'i 
Since  the  acetyl  number  exceeded  the  acetyl  acid  number,  it  would 
hence  result  that  some  amount  of  a  diJujdroxylated  acid  was  p^^ 
sent,  especially  as  the  mixed  acids  of  castor  oil  contain  a  snudl 
tiuantity  of  stearic  (non-hydroxylated)  acid  to  begin  with  («rv/< 
infra). 

Operating  in  this  way,  Benedikt  and  Ulzer  found  the  following 
values  for  various  oils  : —  * 


*'  NeutTml]«tion 

Number  "  af 

Aei/^\ 

m  r«Hr. 

FaUj  Acidi 

before 
AeetjlAtimi. 

Acetyl  Acid 

Acftrl 
Nmoiier. 

>Iumltt 

ArachiB. 

198-8 

i9a*3 

3*4 

19«7 

Cotton  seetl,   . 

199-8 

195*7 

16*6 

212-S 

Croton,  . 

201  0 

195-7 

8  5 

901^ 

Hemp  seed,     , 

199-4 

196*8 

7-5 

204-S 

Linseed, 

201-3 

196*6 

8*5 

3051 

Almond, 

201*6 

196*5 

5-8 

2023 

Poppy  seed,    , 

200*6 

194*1 

13*1 

2072 

Nut,       .         .        . 

204  "8 

198-0 

7  6 

205*6 

Olive,     . 

197  1 

197*3 

4-7 

202*0 

Peach  kernel, 

202 '5 

196  <) 

0*4 

202*4 

Castor,   . 

177*4 

!42'8 

153*4 

296*2 

Rape,      . 

1S2-5 

178-5 

6-3 

184*8 

Seaaint%  . 

200"4 

192*0 

11*5 

203*5 

"Soluble  castor  oil/* 

... 

1845 

62  2 

246*7 

J.  A,  Wilson  t  found  the  following  average  values  for  CMtor, 
olive,  and  cotton  seed  oils  :— 


Awtfl  Add 

AettMrlNmiitMr. 

Caator  oil, 
Olive  oil,     . 
CottOQ  geed  oil, 

1367 

170-0 
189*5 

155^ 

3(5  0 
21  0 

291-7 
20H13 
210*5 

Obviously  these  figures  do  not  agree  very  sharply  with  ^e 
preceding  ones.  If  the  results  of  the  acetyl  test  could  be  re- 
garded as  perfectly  trustworthy,  tlieae  values  would  indicate  the 
existence  of  more  or  less  considerable  amounts  of  hydroxy  acids  in 
all  the  samples  examinetl,  amtnint  in^^,  in  the  case  of  the  cotton  see<l 
and  sesame  oils  examined  by  Benedikt  and  Ulzer,  to  6-8  per  ceDL 
of  the  total  acids  presient,  and  to  much  larger  amounts  in  the 


i 


•  MotmUiefit  f.  Chemie,  1S87,  S,  p.  41, 
fJcnrn,  Soc.  Chem.  Iml.,  1S92,  p.  495. 
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of  the  olive  and  cotton  seed  oils  examined  by  Wilson,     The 
_   res,    however,    do  not  exhibit   such    concordance   as    to    be 
unexceptionable  ;  the  eifect  of  acetylating  the  hydroxylated  con- 
'tuents  of  a  mixture  of  acids  containing  only  a  snial!  proportion 
hydroxylated  acids  would  be  to  cause  the  neutralisation  number 
the  acetylated  fatty  acids  {the  acetyl  acid  number)  to  be  only 
ightly  les8  than  their  neutralisation  number  before  acetylation, 
hereas   the  observed   diiferences  are   materially  larger.     Thus 
le  neutralisation  numbers  of  oleic,  oxyoleic,  and  acetyl  oxyoleic 
ids    are    respectively    198'*J,    188*25,    and    1650 ;    whence   a 
ture  of  90  parts  oleic  acid  and  10  parts  oxyoleic  acid  would 
liave    the  neutralisation   numl>er    IDTli;   and  after  acctylation 
would  furnish  a  mixture  of  oleic  and  acetyl  oxyoleic  acids  having 
'  e  neutralLsation  number  (acetyl   acid  number)  11>5'5,  r»r  only 
4    lesii   than  the   original    mixture.      Similarly  a   mixture   of 
rts  oleic  acid  and  b  parts  oxyoleic  acid   would   have    the 
iisation  number  11)8-4  before  acetylation,  and  ID 7'-  after, 
ving  the  difference  1  -2*     The  actual  dilferences  deduced  from 
e  above  figures  obtained  by  Benetlikt  and  Ulzer  with  oils  other 
n  castor  oil,  vary  between  -  0*2  (olive  oil)  and   4-  8  4  (sesaaie 
,  but  in  most  cases  amount  to  from  5  Ui  G ;  strongly  suggesting 
t  some  cause  is  at  work  abnormally  diminishing  the  "acetyl 
id  number  *'  by  some  units^  and  in  consequence  giving  an  ap* 
rent  "acetyl  number"  of  some  units  in  magnitude,  the  result 
this  cause,  and  not  of  the  existence  of  hydroxy  acids  in  the  fatty 
ids  examined.    The  sanje  conclusion  also  results  from  the  figures 
ilitained  with  castor  oil  acids,  as  the  supposition  that  a  consider- 
able percentage  of  dihydroxylated  acids  is  present  is  nmnifestly 
untenable, 

Lewkowitsch  has  made  some  observations  that  throw  light  on 
e  probable  cause  of  these  discrepancies.*  His  results  indicate 
lat  by  the  action  of  acetic  anhydride  in  excess  the  higher  acids 
the  acetic  family  {such  as  lauric,  palmitic,  and  stearic  acids, 
•^)  become  more  or  less  completely  converted  into  the  corre- 
nding  anhydrides.!  When  tlic  products  freed  from  the 
cess  of  acetic  anhydride  by  the  action  of  water  are  neutralised 
by  alkali,  a  dioiinution  in  the  apparent  amount  of  free  acid  is 
noticed  proportionate  to  the  amount  of  fatty  iin hydrides  present 
not  decomposed  by  the  water  treatment ;  and  when  the  neutral- 
substance  is  heated  with  excess  of  alcoholic  alkali,  and 
bsequently  back-titraterl,  a  quantity  of  alkali  is  neutralised 
proportionate  to  the  fatty  acid  formed  by  the  hydnition  of  the 

•  ProreediH'jt  of  (he  Chemical  Societi/^  1S90,  pp  7*2  ami  91. 
f  Anschiitjs  fouml  [Aimalf^n  iL  Vhtm.  P/iarm,  {18S4)  226,  p.  61  that  when 
etje  anh3*dridle  Atiti  benzoic  acid  were  heated  together  in  a  sealed  tube  at 
590' l*crizi»ie  anhydride  M'as  pnxluced  -  whilst  the  dibasic  acida,  siicciiiic, 
i:;an)phonc,  itftht>phthaUe,  and  diphenic  acid  a  were  largely  tian*  formed  int-o 
their  respcciive  auhydridcs  by  healing  with  acetic  ouhydride  at  120^ 
to  150'. 


not 
^^ised 
^«ib@ 
^rof 
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fatty  acid  present;  so  that  an  apparent  ^* acetyl  number*'  is 
oV>tJiini^(i  even  when  no  aktiholiform  hydroxy  1  whatever  is  present 
in  the  botly  examinetl.  Thus  he  obtained  the  foUowinj^j  iigures 
with  samples  of  eapric%  hiuric,  palmitic,  oleic,  stearic,  anti  cerotic 
acidij  in  a  state  of  only  approxiinat^  purity  so  far  as  chemical 
identity  is  concerned,  but  any  rate  free  from  any  notable  amount 
of  hydroxy  acids  : — - 


?retitt»UMttoii  KumWr. 

AoetjfJ       1 

S4iM>hific4tldii 

Ffctty  Aei4  Uie«L 

TbeorrtlcRl 

JUi4rf  Add 
Huuiber. 

Acetyl 

N  umber. 

for  iHirc 

Wkmad. 

fftltjr  ACIU. 

Capric,     *     * 

320-2 

318-05 

176-40 

174-00 

350-40     3 

Laurie,     ,    , 

i2**0-5 

273  02 

101*50 

132*49 

293  911 

Palmitic, .     . 

i-MUl 

213*4 

143  53 

82-60 

222  13     , 

Oleie,  .     *     . 

lOSO 

183i> 

116.50 

123  55 

24205 

Stearic,    .     . 

1117  "5 

203-0 

138  "89 

82-29 

22M8     i 

Cerotio,   .     . 

l3d-8 

1284 

7a'87 

6a-23 

14210      f 

Frtmi  these  figures  it  obviously  results  that  but  little  relianc*^ 
is  t<i  lie  placed  on  the  result  uf  the  acetylation  test  for  alcoholi- 
form  hydroxy]  in  fatty  acids  when  based  simply  on  the  titra- 
tion process  aViove  de.scribed.  Better  results,  however,  can 
be  obtained  V>y  modifying  the  test  in  the  way  pr«i}K>8ed  by 
Lewkowitscb  ;*  the  licetylatetl  product  is  sapunihiHl  with  alcoholic 
potash,  tlie  alcohol  1x)iled  oft',  and  the  residue  distilied  with 
*liiute  sulphuric  acid,  mucli  an  in  He i chert  8  test  (p.  17.H).  Any 
acetic  aciil  formed  liy  hydrolysis  of  acetyl  derivatives  is  thua 
distilled  over,  and  may  be  titrated  by  means  of  st^xmlard  alkali 
and  phenol phthalein.  In  this  way  dioxy stearic  iicid  (from  oleic 
acid  by  alkaline  permauj^anate)  was  fiuuul  U>  fi»rm  the  anhydride 

rr\i         *       ■  ,   Cj.H.j  (O.CH/JL.COl  ^,         ^      , 

of  diacetyloxystearic  acid,  r^  tt^^  )q  c'u  O)  CO  i  '  "^  treat- 
ment with  acetic  anhydride  ;  from  this  acetic  acid  was  iihtained 
on  saponification  and  distdlation  in  quantity  but  little  lielow 
the  tlieoretieal  amount.  A  rovision  of  the  fatty  acids  obtainable 
from  oils  and  fats,  tte.  (as  regards  the  amount  of  hytlroxylated 
constituents  present),  based  on  the  acetyl  test  thus  applied 
would  be  desirable,  but  as  yet  doea  not  a[)pear  to  have  l>een 
made. 

On  the  other  hand,  the  acetylation  test  gives  good  results  with 
bodies  mit  of  an  acid  character,  containing  alcoholiform  hydi'^jxyl, 
more  especially  in  the  case  of  the  higher  homologiies  of  e  thy  lie 
alcohol  :  thus  in  the  exaniination  <*f  waxes  and  Ixitlies  generally 
that  give  rise  to  higher  alcohols,  the  amount  of  hydroxy lated 
substances  present  may  l>e  measured  by  conversion   into  com- 

*Jonni.  Soc,  Chem.  hid.,  1800,  p.  842, 
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id  ethers  by  means  of  acetic  aiihydricle,  and  detenu  J  iilng  tlie 

Tillage   of  potash    neutnili.sed  on   Staponifyni^j:   the    pruduct. 

Thus  pare  cetylic  alcohol,  C|f-H^.^.  OH,  furnishes  ain  acetyl  deri- 

A-ative,  cetyl  arefate,  Cj,jH„^^ .  O .  C.Hfi,  of  molecular  wei^^ht  284 — 

Lr,^  2^4  milligrammes  of  cetyl  acetate  will  furnish  60  oiilligniinmea 

^j£  acetic  acid  on  sapouiiication,  neutralising  Ic.c,  of  normal  potash 

^■lliition  oontaiiiiiig  56-1  milligrammes  of  potash  (KOH);  whence 

^le   "acetyl  number*'  of  cetyl  acetate  is  "^^^     x   1000  =  197*5. 

If  a  given  sample  of  cetyl  alcohol  (km>\vii  to  l>e  aduuxed  with 
foreign  matter  not  capahle  of  forming  acetyl  derivatives)  funush 
Btyl  derivative  of  which  the  acetyl  numl>er  ia  found  to  he  DH, 
dusly  about  one  half  of  tlie  suhstiince  is  cetylic  alcohol.     A 
n^  exact  vidue   is  obtained  by  determining  the  c^tiantity  of 
e-ign    matter   present,    subtracting  that   from    the   weight  of 
etylated    product,  and   reckoning  the  acetyl   nundier  on  the 
Terence  as  1000,  in  a  way  Hirailar  to  that  adoj)ted  in  the  piraMel 
le  of  the  determination  of  the  Ktettstorfer  number  of  a  saponi- 
.fiftble  bodv  after  correction  for  unsaponifiable  matters  present 

In  the  case  of  Impure  glycerol  the  acetylation  test  is  employed 
;  A  Bimilar  way  ;  92  ])iirts  of  pure  glycerol  wrmki  furnish  3  x  GO 
180  parts  of  acetic  acid  on  saponification  of  the  triQcetjn 
aed  therefrom,  capable  of  neutralising  3  ;<  56*1  =■-  U3S-3  parts 
potash.  If  a  given  sample  of  impure  glycend  were  found  to 
stnUise  n  fnirta  of  potiish  per  92  of  sulistiuice^  the  jjercentage 

r glycerol  present  would  be  YtoTo  ^  1(^0.    Or  otherwise,  92  milli- 

immes  of  pure  glycerol  would  furnish  acid  neutralising  3  e.c. 

normal  alkali  solution  ;  hence  if  a  weight  w  millignimmes  of 

Dpure  glycerol  furnish  acid  neutralising  x  c.c»  the  percentage 


I  glycerol  would  be 


-3^ 


92 


X  100=^1-  X  3066-7. 


In  the  examination  of  the  nnsaponifiable  matters  left  on  treat- 
ing oils  and  fats,  tie. J  with  alkalies  (p.  121),  the  substance  may 
comfeniently  lie  converted  into  acetyl  derivative?  hy  treatment 
with  acetic  anhydride,  boileil  Avith  water  to  decompuse  excess  of 
ytlride,  crystallisfd  from  alcolnJ,  and  examined  as  to  the 
retyl  numljer  obtained  on  saponification  of  the  |>roduct ;  choles- 
ml  acetate  (C^H^3 .  O  .  C^H  ,0)  and  its  isomer  ides  thus  give  the 
numljer  135*5. 


Wltl 
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Compound  ethers   of  inethylic  alcohol  and   its   next  higher 
Dinologues  do  not  appear  to  have  been  hitherto  recogmsed  as 
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iiiifMirtant  constituents^  of  natural  fixed  oils  and  fats,  although 
the  eurrespimdin^'  compounds  of  the  higher  hoinologues  of 
nietliylic  iik-oliol,  such  a,s  cetylic  alcohol,  are  well  marked  eon- 
jititueuts  of  uertain  cetacean  oiU,  waxes,  ^tc.  Many  essential 
oils,  however,  cont^un  constituents  of  analogous  character — 
e.^.,    oil  of  wiiitergreen,    largely  consLsting  of  met/tyl  »altc^laUy 

^fi^4  1  Ci'\    f\    PIT  '     ^^ii^'ther  clas-s  of  essential  oils  containing 

the  methoxyl  group  (0 .  OHj,)  also  exists,  where  the  hydrogen 
displiieed  by  methyl  m  alcoholifonn  in  character,  and  not  con- 
tained in  the  organic  actd  gmiip  CO  .  *  >H  ;  t!iu8,  aitethiil  or  anise 
oil  camphor  is  the  met  hylic  ether  of  a  phenolnid  derived  fn>in 
allvl-henzene,  CoHr  XvHj.O.CH,..  When  suhstances  ci^intaininj; 
a  methoxyl  grou]>  are  heated  in  contact  with  hydriodic  acid,  a 
rea4.*tion  is  i>rought  alxjut  whereby  the  methyl  group  is  elimi- 
&ated  in  the  form  of  mefhiff  vMlid*'^  thus — 


X  ,  0  .  CHa 


+        HI 


11 L' th )  ]  lod i dc.        ]  I jdroiry t  CompomidL 

CH3I        +        X .  OH 


A  test  for  the  presence  (jf  methoxyl  in  certain  bodies  (e.^., 
<:otleine)  based  on  this  action  was  employed  by  the  author  as  far 
l>ack  as  l^HTb*  the  methyl  i<xlide  vafiours  evolved  l>eing  passed 
through  a  red  hot  combii.sti<m  tube  containing  lead  chromate, 
Mil  as  to  burn  the  methyl  if^ide,  the  resulting  carljon  dioxide 
being  absorlicd  Ijy  pita^h  bulks  in  the  usual  way.  Zeisel  t  has 
modified  the  process  by  detennining  the  iodine  containefi  in  the 
methyl  iodide  produced  insteiul  of  tlie  carbon;  for  this  purpose 
the  vapours  of  methyl  iodide  evolved  are  carried  ofT  by  a  stream 
of  carlx>n  dioxide  and  received  iu  bulb  tulies  contairdng  alc^jholic 
silver  nitniie,  intercepting  vessels,  it'c,  being  employ e<l  to  pre- 
vent vapours  of  hydriodic  acid  or  iodine  from  jmssing  over  also. 
On  stamliiig,  <bhitin*;  with  water,  and  adding  nitric  acid,  silver 
iodide  is  precipitatetl,  the  weight  of  which  is  a  mejisure  of  the 
amount  of  methyl  iutlide  formed,  and  conseijuently  of  the  pro- 
portion of  methoxyl-cont-aining  substances  present. 

Fig.  33  represents  the  arrangement  employee!  by  Benedikt 
antl  Griissner  ;  a  fcM'  decigrammes  of  substance  are  heated  with 
10  c.c.  of  hydriodic  acid  solution  of  sp,  gr.  I  70  iu  the  Hask  A, 
warmed  by  means  of  a  glycerol  Imth  ;  a  current  i>f  carlnin  dioxide 
is  led  through  the  tlask,  the  issuing  vapours  passing  through  a 
H-bulli  conflenser,  bulb  I,  V)eing  empty  to  comiense  s^teani,  ttc  ; 
bulb  II.  contains  water  to  absorb  liy<lrio<lic  acid  1  and  III.^ 
red  phosphorus  and  water  to  retain  any  tnices  of  free  iodine 

•  Proctedin>j»  ofth*  Royal  Sodeti/,  xx,.  p.  8  (1871). 

t  Jo  urn.  Soc,  t'hem.  Iiid.,  1886,  p.  335;  from  Mouatsh.  /,  Chemie^  vi., 
p.  089.  See  alao  Journ.  Hoc,  Chem,  /nd„  1889,  pp.  735  wid  925  (Benedikt 
und  Gnlftjfucr). 
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rolved  by  decomposition  of  hytlriodic  aeid  hj  boat.  After 
sing  through  the  Ijulhw  the  carbuii  dioxide,  mixed  with  methyl 
iodide  vap:»ur,  is  led  into  the  flask  B  contaiumg  5  c.c.  of  a  40  per 
cent,  solutiim  of  silver  nitrate  and  50  c.c.  of  95  per  cent,  alcohol; 
the  safety  flask  D  contains  1  c»c.  of  the  same  silver  solution  with 
10  cc  of  alcohol^  hut  is  usually  unnecessary,  all  methyl  iodide 
being  retained  in  the  first  flask  B, 

Substances  containinjjj  ethoxyl  (O  ,  G^H  )  and  horucdogues  are 
rly  afl*ected  j  as  the  molecular  weight  of  the  alky  I  iodide 
increases,  slight  diilerences  in  manipulation  hecoiiie 
y,  principally  consisting  in  the  employment  of  a  higher 
nper&iure  to  enable  the  alkyl  ioiide  vapours  to  pass  over ; 
or  which  reason  tht^  raeth«id  is  only  applicable  to  the  lower 
neinbers  of  the  series  and  not  to  compound  ethers  of  the  higher 
klcohol<«,  such  a«  cetylic  alcohol 


Fig,  m. 

The   term  "  methyl   number "  is  conveniently   employed   to 
dicate  the  weight  of  methyl   (OH,^  =15)  equivalent  to  the 
iodide  thus  formed  from   1000  parts  by  weight  of  sul> 
if  a  weight  w  milligrammes  of  substance  give  n  milli- 

U 


Iver 
ace; 
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grammes  of  silver  ioclide  (e<iuivalent  to  n  x  inilHgrainiDef 

of  CH3)  the  ijicthyl  number,  M,  is  obviously  given  by  the 
equation^ 

^        It         15,000 

Til  US,  :296'3  nulHgrammes  nf  oil  of  cloven  gave  ^73u  jniUi- 
i^rammea  of  silver  iodirle,  whence  M  =  ^^ ^  «  ^  63*83  ==  80*5. 
Tlie  theoretical  methyl  number  for  pure  eut^enof,  C^^jH.^0^,  or 
C.jH.  .  C^jH^j  <  ,:.    pTT   i!^  9ro  ;  \vhence  the  sample  examined  am- 

tabled     ,  ^  =  87*9  per  cent,  of  eugenol.     Similarly,  a  sample  of 

iimne  oil    gave   the   methyl   ruinil>er  82*8;    since  pure  titt*'thiif^ 

C^Hr^ .  CflH^ .  0  .  CH;j,  corresponds  with  the  methyl  number  101'4, 

82-8 
the  sample  contained  rprj-.r  =  81'G  per  cent,  of  anethol. 

The  results  of  the  various  quantitative  te^ts  above  described 
may  be  convenient  1}^  tabnliiteil  as  f4>!lows  : — 


J.— VALUES  RECKONED  PER  1,000  PARTS  OF  OIL, 
FAT,  OR  WAX,  itc,  EXAMINED,  OR  DEDUCED 
FROM  FIGURES  THUS  CALCaLATED, 

Totid  fttiil  iiifitihf'r  —  Sapi'mificatiou  number  =  Ka*ttstorfer 
number  =  Total  acid  potash  perniillage  (  \%rseifungiiuiy). 

The  weight  of  potasli  (KOH  =  56*1)  requisite  to  saponify 
completely  l^OOO  parts  by  weight  of  suV>stance,  including  thiit 
neutralised  by  any  free  acids  present. 

Saponifi^'afion  Equira^enL — The  number  of  inillitrrammes  of 
substance  capable  of  furrnshing  on  saponification  fatty  acids 
sufficient  to  neutralise  1  c.c.  of  iiormal  alkaline  solution  (con- 
taining or  equivalent  to  50*1  milligrammes  of  pit^sh,  KOH); 
any  free  fatty  acids  present  bein*^  also  included.  When  the 
total  acid  number  is  K,  the  sponilication  equivalent,  E,  is  given 
by  the  equation 

^-      K~- 

fWe  achl  nnmht'r  =  Free  acid  potash  permillage  (SaiirtsaM), 
The  weight  of  potash  fKOH  =  56*1)  requisite  to  neutralise  thi^ 


^ 
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free  acids  present  in  1,000  parts  by  weight  of  substance.  If  K 
be  the  total  acid  number,  and  A  the  free  acid  number,  then 

j^  X  100  represents  the  proportion  of  free  acids  present  per  100 

of  total  acids,  assuming  the  mean  equivalent  to  he  the  same  in 
each  case. 

Ester  number  —  Compound  ether  potash  permillage  {^EtJterzaM ; 
EsterziUd),  The  difference  between  the  total  acid  number  and 
the  free  acid  number,  or  value  of  K  -  A ;  expressing  the  weight 
of  potash  (KOH  =  56*1)  requisite  to  neutralise  the  acids  formed 
by  the  saponification  of  the  compound  ethers,  glycerides,  &c., 
present  in  1,000  parts  of  substance. 

The  yield  of  glycerol,  theoretically  obtainable  from  an  oil  or 
fat  consisting  of  triglycerides  (with  more  or  less  free  fatty 
acids),  is  0*05466  x  S  per  cent.,  where  S  is  the  ester  number 
=  K  -  A 

Insoluble  acid  number  =  insoluble  acid  potash  permillage. 
The  weight  of  potash  (KOH  =  56*1)  required  to  neutralise  the 
fatty  acids,  insoluble  in  boiling  water,  obtained  from  1,000  parts 
of  substance. 

This  figure  must  not  be  confounded  with  the  '*  Hehner 
number "  {Ilehner^sclie  ZaM)  expressing  the  percentage  (not  per- 
millage) of  insoluble  acids  yielded  by  the  substance. 

Soluble  acid  number  =  soluble  acid  potash  permillage.  The 
weight  of  potash  (KOH  =  56*1)  required  to  neutralise  the  fatty 
acids,  soluble  in  boiling  water,  obtained  from  1,000  parts  of 
substance. 

Obviously  the  total  acid  number,  K,  =  the  sum  of  the  insoluble 
acid  number  and  the  soluble  acid  number.  In  practice,  the 
soluble  acid  number  is  usually  best  determined  by  subtracting 
the  insoluble  acid  number  from  the  total  acid  number  (p.  168) — 
i.e.j  the  soluble  acid  number  is  K  -  N,  where  N  is  the  insoluble 
acid  number. 

Volatile  a4;id  number  =  volatile  acid  potash  permillage.  The 
weight  of  potash  (KOH  =  56-1)  requisite  to  neutralise  the  vola- 
tile fatty  acids  obtained  from  1,000  parts  of  substance. 

The  Keichert  number  {Reicliert^sclve  ZaM)  being  the  number  of 

c.c  of  decinormal  alkali  required  to  neutralise  the  volatile  acids 

obtained   from    2*5   grammes    of   substance   by   employing   the 

particular  mode  of  operating  described  by  Reichert  (p.  173),  if  n 

l>e  the  Reichert  number,  the  corresponding  "  volatile  acid  potash 

5*61 
permillage"  will  be  ?*  x  -— --  =  it  x  2*244.     This  value  is  neces- 

sarily  somewhat  below  the  true  "  volatile  acid  number  '*  obtain- 
able by  continuing  the  distillation  until  the  whole  of  the 
volatile  acids  have  passed  over. 

If  MeissFs  modification  of  the  Reichert  test  be  employed 
(p.  174),  5  grammes  of  substance  being  taken  instead  of  2*5,  if 
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191  b6  the  Reichert-Meiasl  nuinWr  (Reichert-Meigftwdi^  ZmUy,  tiie 

corpesponding  volatile  acid  potush  pemiiljage  will  be  m  *;  I '122; 

aa  before  tbi.s  value  will  bo  below  that  corresponding  with  llie 

totiil  amount  of  volatile  acids  present. 

If  K  be  the  **  total  acid  numljer,"  and  V  the  "volatile  moi 

V 
number,*'  then  ^  x  100  represents  the  percentage  of  volatile 

acids  (expre.ssed  in  terms  of  some  given  acid)  reckoned  per  100 
of  total  acids  present  free  and  comliined  sm  gljcerides,  ^c, 
(similarly  exprt-ssed)— i.*?.,  the  fiercentage  of  acids  that  are  to1»- 
tile,  n^ckoned  on  the  sum  of  the  volatile  and  nonvolatile  acids, 
and  Hssumiug  these  to  have  the  same  ec|uivalent  weight. 

Mffhyl  Numi}r}\ — The  weight  of  methyl  (CH^  =15)  equivalent 
to  the  silver  iodide  formed  from  the  alkyl  iodide  vapours  evolved 
on  heating  1,000  parts  by  weight  of  substance  with  hydriodic 
acid. 


II.— VALUES  RECKONED  PER  100  FARTS  OF  OIL, 
FAT,  OR  WAX.  kc,  EXAMINED, 

Imfinr  numhf'r  =  iodine  percentage  =  Hiibl  numl>er  {lodzaUi 
The  maximum  weight  of  iodine  capable  of  combining  with  100 
parts  of  aul^tance;  or  the  weight  of  iodine  equivalent  to  \\m 
ttum  of  the  chlorine  mid  iodine  (or  bromine  and  ii->dine)  requisite 
to  saturate  100  parts  of  sulmtiince. 

l/ehi^^r  mimbfir  —  I/ehtwrifefw  Zahl.  The  weight  of  fattj  acids 
insoluble  in  boiling  water  yielded  by  100  pwirts  of  substance. 

IlL— VALUES  RECKONED  PER  1,000  PARTS  OF  THE 
FREE  FATTY  ACIDS  FORMED  ON  SAPONIFI 
CATION,  OR  DEDUCED  FROM  FIGURES  THUS 
CALCULATED, 

Fafti/a^id  neHlralisailon  number  —  potash  perm  ill  age  requisite  1 

for  neutralisation  of  mixed  free  fatty  acids,  reckoned  per  1,000 

partes  of  fatty  acids  (  Ver^ri/ungszahf  der  Fetftittiirf^n)^     The  weight  I 

c(f  |K>tash  (KOH  =  56-1)  required  to  neutralise   1,000  ptrts  of] 

the  mixed  fatty  acids  obtained  by  sapmihcation  of  2^  fatoroil^j 

i&c,  ami  sepanitiun  of  fatty  acids  from  the  resulting  soap.  1 

m  Mmn   Effulrafi'ut  of  the  Fatty  Jr/v/^.—The  number  of  milU-l 

I  grannnes  of  mixed  fatty  acids  re<juisitc  to  neutralise  I    c,c^  ofj 

I  nornial  alkaline  solutitm  (containing  or  etjuivalent  to  56*1  milli-l 

I  grannnes  of  potjish,  KOH),     If  N  lie  the  neutraliaation  numbefaf 

■  the  mean  equivalent  F  is  given  by  the  equation 


( 


J.      so.  100 
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In  the  case  of  an  oil,  <fec.,  consisting  wholly  of  triglycerides 
(ue.y  where  the  free  acid  number  is  so  small  as  to  be  negligible), 
the  saponification  equivalent  of  the  oil,  E,  and  the  mean  equi- 
valent of  the  fatty  acids  obtainable  therefrom,  F,  are  related 
thus — 

E  =  F  +  12-67. 

I^  however,  the  oil  contain  free  acids  in  measurable  quantity  the 
relationship  is 

E  =  F  +  ^  X  12-67, 

where  S  is  the  ester  number  and  K  the  total  acid  number  of 
the  oil. 

The  fatty  acid  neutralisation  number,  N,  and  the  total  acid 
number  of  the  original  oil,  K,  are  related  thus — 


IV.   VALUES   RECKONED   PER   100   PARTS  OF  FREE 
FATTY  ACIDS  FORMED  ON  SAPONIFICATION. 

Iodine  Number  of  Free  Fatty  Acids  (lorlza/d  der  Fettaduren), 
— The  maximum  weight  of  iodine  (or  iodine  equivalent  to  the 
sum  of  chlorine  and  iodine  or  bromine  and  iodine)  capable  of 
combining  with  100  parts  of  free  fatty  acids. 

If  I  be  the  iodine  number  of  the  original  oil,  tkc,  and  I'  that 
of  the  fatty  acids  thence  obtained,  then 

r  =  ?  I. 

In  the  case  of  an  oil,  &c.,  consisting  substantially  of  tri- 
glycerides, so  that  E  =  F  +  12*67,  and  where  the  mean  equi- 
valent  of  the  free  fatty  acids   lies   between    250  and   330,  the 

E 
value  of  vi  lies   between    1*0507  and    1*0384 — i.e.y   the   iodine 

number  of  the  fatty  acids  exceeds  that  of  the  original  oil  by 
clase  to  4*5  per  cent,  of  the  latter  value. 


V.  VALUES  RECKONED  PER  1,000  PARTS  OF 
PRODUCT  OF  ACETYLATION  OF  FREE  FATTY  ACIDS. 

Acetyl  Number  =  Acetyl  potash  permillage  (Acetylzald). — The 
weight  of  potash  (KOH  =  o6*l)  neutralised  by  the  acetic  acid 
formed  on  saponification  of  1,000  parts  of  the  product  of  the 
action  of  acetic  anhydride  on  the  substance  examined. 
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Tho  aicetyl  nuinlier  as  thus  defined  includes  both  the  titntkni 
value  obtained  by  Benedikt  and  Ulzer,  conveniently  referred  to 
as  tho  titration  acetyl  number  :  and  the  result  of  applying  the 
distillution  process  so  as  tc>  separate  acetic  acid,  as  proposed  by 
Lowkowitsch,  conveniently  distinguished  as  the  distillation  acetyl 
Humfh'r,  Like  the  volatile  acid  number,  this  latter  vajue  is 
always  apt  to  Ih»  more  or  less  erroneous  in  defect  on  account  of 
the  (iithculty  of  distilling  off  and  titrating  every  trace  of  acetic 
acid. 

On  the  other  hand,  in  the  case  of  free  fatty  acids  very  little 
dep«Midenw  can  l>e  placinl  on  the  former  number,  although  for 
alc«>holiform  substances  this  objection  does  not  apply. 
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CHAPTER  IX. 

EXTRACTION  OF  OILS  FROM  SEEDS,  &c.,  BY 
PRESSURE  OR  SOLVENTS. 

EARLIER    FORMS   OF    PRESS. 


^  4.   Processes  Used  for  Extracting,  Rendering, 

The  uso  nf  olive.s  and  varlutis  kiJuU  of  setids  and  nuts  us  source.^ 
of  oil  ha^  been  known  from  at  legist  the  connnencement  of  the 
histi^ric  period,  the  earliest  appliances  for  the  exprosnion  of  the 

■  fluid  consisting  uf  "  mills  "  somewhat  after  the  fashion  of   the 
primeval  corn  grinding  hand  mills,  where  a  nmncled  stone  wfis 
made  to  revolve   in   a   basin  shaped   stone  vessel  by  means    of 
projecting  bandies,  worked  usually  by  two  women  seated  on  the 
ground  on  opposite  sides  of  the  mill;*  the  pulji  thus  produced 
was   then    pl^w^ed   in   sacking  and   pressed    by   means  of  planks 
I  weighted  with  stone:^,  very  uiuch  as   grape  juice  was  expressed 
Jin   the  earliest   lijrms  of  wine  press;  or  a  powerful   lever  was 
liippiled,  somewhat  after  the  style  of  an  enormous  lemon  stjueezer, 
I  Various  forms  of  lever  jiress  have  been  in  use  at  different  times, 
jsiioie  of  more  complex  order  thaTi  the  simple  lemon  squeezer  type 
[of  machine,  a  bent  lever  working  a  cam  pressing  upon  the  upper 
'board  so  as  to  force  it  flowo  wards  ;  or  the  pressure  board  being 
[juraDged  vertically,  and  the  sacking  being  compressed  l>etween 
fit  and  a  stout  vertical  standard,  such   as   the  stump  of  a  tree* 
lX)ouble  acticm  presses  uf  this  kind,  working  alternately,  have  also 
[been  constructed.     A  further  improvement  in  nil  pressing  appli- 
f Alices   was    the    introduction    of  wedges    between    the    pressure 
boards,  actuated   by  levers  and  cams  or  by  percussion  ;  in   the 
latter  case,  the  press  consisted  of  a  st<jut  framework  nf  l>eams, 
inside  of  which  tlie  pressure  Ixiards  and  seed  liags  were  arranged, 
ao    that  by  hammering   in    wedges    between    adjacent   pairs   of 
boards,  or  between  the  boards  and  the  framework,  the  seed  bags 
were  gradually  cmnj^resHCti  and  finally  subjected  to  consideraljle 

•  "  Inhere  aliall  W  two  women  grinding  together  ;  the  one  shall  be  taken, 
and  thu  other  sIirII  be  left,"— Luke  xvii.  .V>. 
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M  ^km  pme&t  dmy  lever  presses  and  wedge 
r  rade  munoWture,  but  of  considerable 
slUl   ta   sse   to  «  cijnsiderable  extent 
►  distticts  to  which  improved 
[  have  not  yet  penetrated— 
ffmg^miiJufmik* — whilst  improved  inodifi- 
of  Ikft  oMer  lera-  yiiaa,  oooatmcted  with  elbow  leven 
i  l^^  iUfi  or  ««ter  pover,  **^  employed  with  ad\*ft&tage 
ior  vafiovi  «il  «ad  gr«ise  expresnoa  pfii|xi8es  (p.  202). 

Scr^w  pwHiwn  kftTe  alao  beat  estanivfily  need,  and  are  stiU 
hoTgdj  tampkayvA  in  tbe  smftller  &elx»ries;  but  of  late  yean 
t&«^  bw  bmi  moa/dj  SBpcraeded  bj  bydraoHc  presses  in  th(^ 
Illy  I  aad  marc  moitwn  seed  oil  inilJk.  In  similar  fasbioo 
iMiMft  feffiBB  of  lyfJiiMinw  hftTe  been  successively  Lntn*dt]ced 
wmA  wmed  Ibr  tlte  CTMkii^  of  oleifezoos  material,  and  otherwii»e 
trcaiBig  il  pTOTio^aly  to  expreoooiv  bo  as  to  render  the  How  of 
oil  wauMn  WMTf  and  ooaifiieie;  tlms  pairs  of  crushing  roUen 
wotkiag  Oi&  panlM  axes  ao  as  to  aqneeze  the  olives,  s^s,  kt,^ 
iBiiialiJoJ  between  tibaa,  and  ^edge  runners''  (Fig.  48) 
ami^^ed  like  a  nKXtamill,  are  nvore  recent  developments  whiefa 
have,  for  tbe  aiosl  pai%  superseded  the  older  form  of  '^statnpi'' 
where  ineclMiiieally  worked  pestles  pounde<l  the  seed,  kc,  to  be 
cradled  in  \mx^  fanaino  or  nioitar& 

Etcb  at  the  preaent  daj  a  coDsiderable  amount  of  oil  of 
varions  kinds  ii  nwnw&dured  (on  tike  small  scale)  by  a  process 
probably  of  greater  antiquity  stUI  than  any  meclianical  express 
noa  ttethod.  In  moat  tnipical  and  sobtmpical  countries  oteiier- 
ooa  seeds  and  nuts  of  vartous  kinds  abound  :  in  order  to  extnurt 
the  oil  these  are  simply  pounded  or  crushed  and  then  lioOed  witb 
water^  the  oil  risiuj^  to  the  top  and  being  skimmed  olf.  Expeh- 
enoe  hsa  genersUj  goided  the  natives  to  the  tise  of  a  previooa 
fWUl^im^  of  the  nnta  or  beans^  the  effect  of  the  heat  hein^  U» 
coagulate  and  solidify  mucilaginous  and  albuuiinou^i  mutter^ 
rendering  the  after  separation  of  the  oil  by  means  of  water 
much  more  easy  and  complete.  Castor  oil,  for  example,  is  thus 
largely  extracted  for  local  use  in  Inclia ;  p&lm  oil  and  pahnnut 
oil,  until  comparatively  recently,  were  almost  wholly  prepared 
by  this  method,  all  the  oil  shipped  from  Africa  having  been 
extracted  by  a  water-boiling  process  applied  to  the  pulp  and 
roasted  kernels;  of  late  years,  however,  it  has  been  more  ustul 
to  separate  the  kernels  from  the  pulp  and  export  them  untreated, 
the  oil  being  subsequently  extracted  by  the  ordinary  expreasioo 
or  solvent  processes. 

In  the  rural  olive  producing  districts  a  ccinsiderable  amo 
of  oil  is  prepared  by  a  sort  of  combination  of  the  two  met; 

*  For  a  deacriptioii  of  a  fiecuHar  form  of  wedge  press  used  in  Fc_ 
tbe  extraction  of  oltvc  oil»  tee  Report  by  Conanl  Warren  on  the 

Taiwan,  Journal  Soc,  Chem,  Indu^ry^  1S91,  p^  S5IL 
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le  appliances  lieing  somewhat  rude  and  primeval  in  the  smaller 

"oil  factiiries,  but  more  incHlern  in  the  larger  ones.     The  crtislied 

pulp  is  washed  by  agitation  with  water,  the  oil  as  it  separates 

from  the  husks  and  rises  to  the  top  rurinitiju;  ott'alonji^  with  water 

Ui  separation  tanks  ;  the  residual  wet  oil-eontaiiung  husk 8  are 

l^trained  and  boi!ed  down  to  a  kind  of  porridge  or  soft  pulpy 

lough,  and  the  oil  iiiixcxl  w  ith  water  then  separated  by  presHiire 

some  sort  of  rough  screwpress.     In  some  cases  the  resulting 

oiirc  is  ground  up  again  by  heaiy  eflgerunners  of  granite,  ite. 

(vrorked  hy  water  or  cattle  power),  boiled  up  afresh  with  water, 

Lmnd  subjected  to  further  pressing,* 

A    soniewhat    analogous    procens    is    sometimeH   used     in    the 

extraction  of  the  fat  or  "butter''  of  the  tallow  tree  (SfifNtif/ia- 

^ebifera}^  and  oth<?r  vegetable  semisolitl  oils  or  fat,s  ;  the  crushed 

is,  nuts,  *tc.,  are  placed  in  wicker  or  UiuiIk^o  ba,skets,  weighted 

|iiith  stones  under  iKiiling  water,  80  that  the  meltetl  fat  gradually 

eparates    and    rises    to   the   top ;    the    remaining   oil    is    then 

extracted  by  pressure  applied  Xu  the  still  hot  material     This 

nethod  is  more  pirticularly  suited  to  those  nuts,  lVc,  where  the 

kernel  is  surrounded  with  a  highly  oleaginous  jiericarp,  which  is 

lus  melt^  aw*ay  by  a  x*''<^cess  closely  akin   to  that  whereby 

animal  fats  are  **  rendered"  by  means  of  steam  or  boiling  water 

(vtcfe  Chap-  X.)     ProcesacH  closely  analog* ms  in  general  character 

in  use  in  various  countries  for  the  extraction  of  oil  from  fish 

[>f  various  kinds  (e.t/.,  sardines),  and  from   fish  and  shark  livers, 

whilst  the  nj<H:le  of  preparation  of  most   kinds  of  wax  is  very 

linilar ;  thus   in  the  case  of  Chinese  wax   {I*rh-itt)^  the   insect 

fjrcKlucing  the  wax  is  a  species  of  exyccus  (possibly  scvcnil  dilfei^nt 

fipecies),  the  young  brood  of  which  sticks  to,  and  punctures  the 

[bark    and    twigs   of  the    trees    {FntJ-Ivnn   r/i r?i' kaiV,   LitjuHirnm 

inckium^  S^^:,,)  selected  as  domicile.    A  waxy  material  is  secreted  t 

jtivering  the  bark,  in    which  the  insects  ultimately  imbed  them- 

elves,  forming  elirysaliiles.     To  ol>tai!i  the   wax»  the   l>ranclies 

scraped,  some  of  the  c<K*oons  being  reserved  for  breeding,  the 

rrearing  of  the  insects  being  a  special  industry  like  silk  growing  ; 

■the  scrapings  are  heMed  with  1  soiling  water  so  as  to  melt  oft'  the 

waxy  matter,  which  is  separated  by  skimming  from  the  dirt,  dead 

Insects,  4kc. 

The  ditTerent  kinds  of  vegetable  wax  (myrtle  wax,  Japanese 
I  wax,  carnaulm  wax,  itc),  are  mostly  oht«ined  by  sin>ilarly  treat- 
ing   with  l>oiling  water  the  lierries,  Vmrk,  d*c.,  in  or  on  which 
ae  material  is  naturally  secreted  or  dejM^sited,  and  separating 
ae  melted    wax   its   it    rises.       Bees'   coniks,    itc.^   are    similarly 

•  r>c«;riptioufi  of  the   appliances   in   u^e  in  the   Muritime   Alps  and  in 
Soutliem  Sicily  for  the  [rrepuratiun  of  olivo  oil  iiro  given  in  the  Jownai 
'  ~   •.  ArU.,  Nov.  *20,  1891,  and  June  16,  1803. 

h  Ab  with  luieawttjc,  opinions  tlilfer  somewhat  as  to  how  far  the  wax  is 
net!  ill  the  «fApof  the  trees  serving  as  fixwl,  ami  huw  far  it  ia  formed 
i  by  aniumi  hfe  actifj. 
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treuted    to   oV>tain    l>eeswiix,    ami    separate    it    fn>m    adheit&t 
honey  iind  «olid  impurities. 

Elbow  Press.— AItliou|fh  the  okler  rude  fomi»  of  lever  pnas 
Hiul  wed^^e  press  are  rapidly  lM?iiig  superseded  by  more  mcikni  I 
ile vices,  more  espetrially  by  hyttraulic  pressure,  they  are  still  W 
no    meaii8    extiiitt    asiKingst    tbose    peoples    where    aJvaiiong 


i 


Fig.  31.— Elbow  Prau, 

civil iisatiuri  has  not  yet  entirely  improved  away  the  anciitftt 
niefchod.H  and  ciistoiiiH,  whilst  improved  machines  of  these  classw 
are  still  in  active  use  to  some  extent  even  in  Europe  wi'^ 
America.  Fi^,  34  represents  a  form  of  "  elb<^w  press,"  Urgely 
used  in  the  United  8tateH  for  exj>reHsing  hot  melted  tallow,  ^C„ 
fn^iii  animal  adipose  tissue.     As  the  ficrew  is  worked  (by  huwi 
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•whee!  or  hand  arul  pulley)  tlie  two  pnverfiTl  elixiws  are 
fttraigiitenerJ,  and   the   rain  tlepressecl ;  owir)j^  t.ij  the  niecbanical 

iture  tif  the  action,    the    j»rp.ssure    in   autninutically   inci'eiisecl 

awards  die  end  of  the  uperntion  u«  the  elbows  stniigliten. 

Wedge  Press*^ — An  improved  form  of  wedge  press  is  repre- 
senteil  hy  Fit's.  :i5  and  i^j  (from  Scbiidler)  in  fr*>nt  and  Hide 
eIe%*iition,  Fig.  37  indicating  the  longiludinul  section  of  the  lower 

artion*  In&ide  eiwh  of  a  pnir  of  troughs,  J  ,\,  is  phieed  an 
agcineiit    of  wot»den    wedge*?    and    pljinking,    1j  L  S  K  B, 


\\'\:;i^i;    i'i'coio     -  t''iulit  iiliU  Side  l']tLVatioii, 


fier  with  two  hugs  containing  the  crnshed  seeiJ»  ttc,  to  hi* 
tpre^^ed,  U  <),  ejiuh  enclosed  Ijetwt^un  ciist  imn  fruirK's,  T  F.  The 
^loo»ie  wedges,"  L  L,  are  «uspended  by  ropes,  and  serve  to  1<ick 
tlie  whole  arrarjgenjerit  together,  the  IrHisening  when  the  pre^isure 
I  i-umpleted  being  eHeeted  hy  citsting  off  the  r<»pes  and  alk*wing 

lie  liUMpendefi  vertical  lieanis,  C  C,  to  dejicend,  pile-drivt-r  ffisliion, 

SO  H**  t<»  tlrive  these  wedges,  L  L^  down  ;  A  A,  B  J>  represent  fi 
stout  timVier  frame  supporting  tlie  driving  beams.  The  pressure 
IB  obtjiintHl  by  aimilarJy  ffircing  downwards  the  '*  prejw wedges,'* 
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K  K,  by  tbe  beam  drivers,  D  D.     These  drivers  are  raised  by 

means  of  st^rut  teeth,  G,  project iog  from  a  horizontal  axle  work- 
ing on  studfi,  E  and  F,  attached  to  the  VjeamR  respectively,  a 
system  of  rope«,  h^  c,  bent.  h»ver,  fi^  and  studs,  d^  </,  lie ing  attached, 
80  that  when  the  ropes  are  pulled,  either  of  the  drivers  can  at 
will  be  raised  so  as  to  l>ring  it  out  of  the  reach  of  tbe  teeth^  and 
keep  it  suspended  out  of  actit>n.  The  oil  liag,  lieing  placed  in 
position  V>etween  the  phites,  T  P,  of  the  iron  frames,  L,  is  adjuJited 
at  a  convenient  height  by  means  of  the  attached  rope.  The 
drivers,  D,  being  then  set  in  action,  the  pre«8  wedge,  K^  \b 
forced  down,  and  the  oil  bag  conset|iiently  strongly  compressed. 
When  tbe  <iil  ceases  to  run  and  the  wedge  is  driven  home,  D  is 
tlirown  out  of  action  and  C  alloweil  to  hammer  on  the  loose 
wedge  (the  rope  attjiched  being  slackened);  the  kiose  wedge,  L» 
soon  falls,  and  the  bags  with  exhausted  oilcake  are  then  removed 
and  fresh  ones  substituted. 


Fig,  ,17. — Wedge  Press ^Longitudind  Section  of  Lower  Portion* 

In  s*>nie  rif  the  I^rarseilles  oil  factories  an  arrangement  is  in 
use  knr*wn  a.s  the  '"^  Est  raver  Cylinder,"*  the  riction  of  which  is 
soniewliat  akin  to  that  of  the  wedge  press.  The  apparatus  con- 
sists <>f  tAvo  eybuders,  i»ne  insi<le  tbe  other^  of  which  the  outer 
iK^ts  u|ion  tbr  inner  hy  means  of  a  series  of  inclined  planes,  the 
inner  cylinder  being  oom]josed  of  eight  segments  which  either 
close  lip  tightly  or  separate  slightly  aceoniing  as  pi*essure  is 
exercised  or  reriujved  by  the  position  of  tbe  outer  cylinder, 
Screens  made  of  espart-tj  grass  anfl  horsehair  are  employed 
insteml  of  oillmgs  rif  the  siimc  material  ("scoiirtins ")  such  aa 
are  employetl  in  other  forms  of  press  ;  tliese  are  subject  to  much 
less  wear  and  tear  than  tbe  scourtins,  whereby  an  economy  of 
80  to  90  per  cent,  in  the  cost  of  the  scourtins  is  efr€*cted»     An 


'Jomif,  .^'of.  Ch*^,  fmL,  ISOa,  p,  4P. 
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QVior  movemefit  allows  of  the  eylimler  liein^  enlargeil  in 
aeter,  sr»  that  tlie  cakes  can  be  readily  reinovetl.  The  apjwi* 
tus  will  witbsUtnd  a  pressure  of  500  kil«»H  per  scjuare  centimetre 
IJIf  cwts,  pt»r  s»|uare  inch);  lialf  of  this  isti.s  iiuieh  as  can  be 
*?iy  applied  to  the  orflinary  bagn  withr»wt  ^reat  risk  of  Imniting 
ein.  A  cylinder  hijlding  80  to  100  kilos  of  seeds  can  he  dis- 
irged  and  refilled  in  7  to  8  minute!^,  the  pressiog  occupying 
►  to  35  rainutei. 


Screw  Press. — In  districts  where  morn  modern  machinery 
ba^  not  been  extensively  twJopted  [fjj,  many  piuU  of  Spain, 
ChinA,  We:st  Indies,  South  America,  Africa,  A'c),  rude  screw 
prev*eH  are  still  largely  in  use  in  the  compiaratively  small  oil 
milift  where  oil  is  expressed  in  much  the  same  f^ishion  as  has 
been  practised  for  centuries ;  these  mostly  work  on  the  principle 
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of  am  ordnwry  copjing  pras^  the  sacking  (ur  wicker  nr  ^tnv  1 
Jbe.)  contaifiinj^  tine  material  to  be  rxprf^ssed  hem  ' 
between  the  twx>  platefi  of  the  presis,  and  the  acrpw  ift^ 
qaeallv  of  wood)  tumed  by  means  of  a  long  lever  !ki  a»  ti>  bdif 
Uie  pistes  Dcmrer  tOf>etlier  and  express  the  oil,  much  as  a  v^ 
sponge  would  be  sc^aeeced   in  a  capyinj^  pre^s   by  turitini'  tbi» 


Fig.  39. 

Fig.  38  represetits  an  English  improve*!  furm  of  screw  pn 
for  expressing  oil,  «fec,,  from  fish  or  similar  materi&Ls  where  on 
a  moderate  pressure  is  recjuirecL     Motitm  la  eommumcate<l 
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l)elts  from  shafting  to  a  horizontal  axle  carrying  a  wonn  which 
gears  into  a  toothed  wheel,  the  revolution  of  which  raises  or 
depresses  the  screw  passing  concentrically  through  the  wheel, 
and  consequently  elevates  or  lowers  the  plunger.  According  as. 
a  straight  belt  is  used  connected  with  one  pair  of  fast  and  loose 
pulleys  on  the  axle,  or  a  crossed  l)elt  connected  with  the  other 
pair,  the  plunger  moves  in  one  direction  or  the  other.  The 
material  to  be  pressed  is  placed  in  l>ags  between  loose  metal 
plates,  the  press  itself  being  enclosed  in  a  wrought  iron  steam 
casing  (stayed  to  resist  pressure)  provided  with  a  steam-heated 
door  of  similar  construction,  so  that  when  requisite  the  temper- 
<ature  inside  the  press  can  be  elevated  up  to  that  of  the  steam  or 
nearly  so. 

Fig.  39  represents  a  screw  press  of  Gorman  make.  The  mate- 
rial to  be  expressed  is  placed  inside  the  pcirforated  cylinder  B, 
which  is  then  placed  inside  the  cylinder,  C,  and  mounted  on  the 
platform,  A  ;  the  ram,  D,  attached  to  the  screw,  F  F,  being  raised 
to  a  convenient  height.  On  turning  the  horizontal  wheel,  G,  the 
screw  and  ram  descend  and  the  material  is  strongly  compressed 
in  the  inner  cylinder.  The  expressed  liquid  passes  through  the 
perforations  in  the  walls  of  B  and  runs  out  through  others  at  the 
base  of  C  into  a  circular  groove  in  the  platform.  A,  and  thence 
by  the  spout  to  a  vessel  placed  to  receive  it.  A  small  hydraulic 
arrangement  Ls  attached  at  the  base,  such  that  by  turning  the 
liandle,  E,  a  piston  is  screwed  slowly  inwards,  thus  raising  a 
hydraulic  ram  on  to  the  top  of  which  the  platform,  A,  is  fixed, 
and  so  obtaining  at  the  end  of  the  operation  a  more  powerful 
pressure  than  would  be  possible  by  means  of  the  screw,  F  F,  alone^ 

Hydraulic  Press. — The  ordinary  form  of  hydraulic  press  as 
adapted  for  oil  expression  consists  of  a  ram  raised  >)y  juI mission 
of  water  into  it«  cylinder,  either  intermittently  by  pumps  (worked 
by  hand  or  power)  or  continuously  from  an  accumulator.  The 
former  method  is  preferred  for  many  purposes,  since  the  pulsating 
pressure  obtained  by  means  of  a  pump  appears  to  be  better 
adapted  for  the  expression  of  oil  from  most  kinds  of  seeds,  tkc, 
than  the  continuous  steady  pressure  of  an  accumulator.  Presses 
in  which  the  ram  works  horizontally  instead  of  vertically  are 
sometimes  preferred.  Fig.  40  represents  a  German  form  of 
hydraolic  press,  empty  before  charging,  and  Fig.  41  the  same 
after  the  ram  has  risen.  The  bags  are  placed  in  the  cavities  of 
the  shelves  or  press  boxes,  E  E  E,  and  the  ram  started  working. 
As  it  rises  each  bag  is  strongly  compressed  between  the  base  of 
the  press  box  containing  it  and  the  projecting  lower  portion  of 
the  box  next  above  it ;  the  oil  runs  out  into  the  circular  grooves, 
F  F,  and  thence  to  delivery  spouts,  J  J,  and  so  through  the  pipes,. 
O  G,  to  the  vertical  oil  shoot,  H,  leading  to  the  oil  well  or  tank. 
The  headpiece  of  the  press,  C,  is  supported  by  stout  pillars,  D  D, 
to  resist  the  strain. 


HYDRAULIC  PRKSS. 
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Fig.  42  represents  itn  English  handworked  hydraulic  prt 
specially  suitable  for  ]i*fht  work  such  as  that  in  a  small  olive i 
iiiill.  The  press  Wing  filled,  the  larger  of  two  diiferentlj  m 
j^unips  HttiU'hed  to  it  is  worked  by  means  of  the  detachaUt*  lei 
hiuidle,  until  the  bulk  cjf  the  oil  is  expressed  ;  to  oLtaia 
Ntnmger  pressure  for  the  extraction  of  the  remainder,  tl 


Pig.  42. 

handle  is  tlien  applied  to  a  seci>nd  smaller  pump  aminged  , 
the  side  of  tht;  first  one,  whereby  a  considerable  increaient  I 
power  ifi  obtainecL 

Fig.  4'i  represents  a  press  arranged  for  working  on  the  *'Ang| 
American  System  "'  (rkie  infrn).  The  plates  are  corrngsited,  i| 
arranged  at  such  distances  apart  as  just  U%  allow  of  the  tnould 
cakes  of  hot  ground  seed,  «t'c.,  from  the  kettle  and  tnouldS 
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le  (p.  2^1)  Living  intmduct^cl,  p!f:»fer;i.lily  fnmi  eitch  r»pj>fjHitc 
•  alterimte] V,  Usually  Kixteen  cakes  ure  pressf d  sinm Ituneously 
one  press,  whilst  four  such  presses  are  worked  together  in  otie 
lock^  nil  four  being  erected  inside  the  same  wrought  iron  oil 
alt,  which  serveH  lus  a  foundation  und  collects  the  express*"*! 
in  u  most  efficient  man- 
lier. The  pressure  eiiiployt^d 
lly  rises  from  700  or  HOO 
per  square  inch  at  first 
to  2  tons  at  the  end. 
*ig,  44  represents  tlie  plan 
dd  longitudinal  sectit»n  nf 
ae  of  the  pre^^s  plati^s,  Fig. 
|5  iiidicatiug  the  creiss-sec- 
ion. 

The  dijnensions  t^f  the  tiif- 

[ikes    pn^duceti    v;iry    eoii- 

^derahly    with    the    size    of 

oil   nidi,  the  system  of 

ting,  and  the  nature  of 

8ee<l,    itc,    used ;     the 

!S  are   alwayg   matle    to 

aper    somewhat    so    as    to 

facilitate    withdniwal    frojii 

iie  cake  lH>xes.     Thus  with 

be  Hmalle-st  milk  tht>  cakes 

*y  weigh  alxmt  H  Ihs.,  u-iul 

be  dimensions   may  l>e    14 

aches   long,  and  i\h   inches 

ride  at  one  end  and  5i  nt 

ae  other,   the   press    l)eing 

instructed  to  take  from  4 

G  such  cakes  at  a  time  ; 

rhilst  wit! I  somewhat  larger 

a  ilia  the  cake«  may  wf*igh 

''about  4  Ihs,,  ]>eing  20  inches 

long,  and  7.^  ^i-iile  at  one  end 

5i   at    the   other.     8till 

lirger  cakes  (up  to  some  30  inches  long,  and  10  or  11  wide  at  one 

;ti<i  and  7  or  8  at  the  other)  ure  nuide  in  mills  of  grejiter  magTutude 

Ijcspecially  when  working  linseed),  where  the  scaleof  niaruifsvcture 

large  enough  to  enable  full-sized  preasea,  etc.,  to  he  emiployed. 

^och  a  iinseed  cake  generally  weighs  from  6  tcf  1^1  lbs.,  averaging 

Hi  8  or  9  U»s.,  varying  w  ith  the  source  and  richness  in  djI  of 

used  ;  the  weight  of  the  presseii  otlcak^^  ohtaijieiJ  fnun 

t  given  quantity  of  seed  is  oliviously  the  less  the  larger  the  yield 

'  oil.     WTien  working  mi  the  older  system   the  press  usually 

as  only  i*>ur  cake  boxes,  three  such  presses  being  worked 


Fig,  43. 
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ot ;  the  oil  thya  obtarined  is  far  inferior  to 
*  runnings.  The  ralcake  thus  left  often 
uantity  of  oil  to  render  it  worth  while  to 
extraction  process  (p.  231),  whereby  a  still 
ultimately  ol»taine(L  This  Jinxle  of  treat- 
B  is  more  especially  adopted  m  the  case  of 
IB — auL'li  a,^  those  from  tlie  arachis  nut,  and 
or  in  the  prcKluction  <*f  the  more  highly 
her  pnrposen  — ^.(/,,  almond  oil,  Ci>arHe  oils, 
jjiually  ex[>reH.seti  but  once,  the  pulp  Ijeing 
with  as  described  Ijt^luw,  partly  to  render 
id  partly  to  coagulate  idbuiiiinotis  matter, 
however  (/-.v.,  seHjirne  and  rape),  are  gener- 
Lges — ^^^,  pressed  twice  succeysively  so  as  to 
>f  oil.  When  the  cakes  are  removed  from 
are  stripped  oti'  arul  the  edges  pared  oif ; 
L  notable  amount  of  oil,  and  are  therefore 
ed  with   fresli    crushed   seed   for    another 


urea  of  seeds  are  intentionally  prepared  and 
ogether ;  m  others  the  seed  as  liarvested  is 
•e  kintls  of  plants  l>eing  grown  together  ;  so 
tie  seeds  differ  suthciently  in  sixe  Ui  Incapable 
Lg,  the  oil  ultimately  obtjiined  is  Tiecessarily 

Partly  from  causes  of  this  kind,  and  partly 
,ent  adulteration,  it  is  difficulty  if  not  imp<3s- 
ilwiolutely  pure  oil  of  any  given  kind  in 
racticable  method  of  procuring  a  perfectly 
>  hand-pick  the  seeds  and  express  the  oil 
b  for  such  purposes.  Accordingly,  a  small 
I  of  preparing  samples  of  genuine  seetl  oils 
an  indispensable  j>tirt  rif  the  equipment  of 
1  examinations  are  matlc  by  comparison  of 

with  specimens  of  oils  anrl  nnxturea  of  oils 
res  unailu Iterated. 

>ilcake, — The  analyses  fpntted  on  p.  LM  4 
'.as  representing  tlie  average  composition  of 
ids, 

;ker,  linseed  cake  made  by  the  older  system 
I  below  10  to  alnrnt  l(>  per  cent,  of  oil,  and 
w  6  per  cent.  (un{lecin'ticated)  up  U^  16  per 
Oiloikes  mmle  by  the  Anglo-American 
e  usually  more  completely  expressed,  so  as 
smaller  |iercentages  uf  resitlual  oily  matter 
vithout  the  aitl  of  a  immlding  machine.  If, 
[on  l)e  carrier!  too  far,  the  value  of  the  cake 
atly  rhminished,  so  that  in  extreme  cases  it 
kleaijle. 
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by  one  man  anrl  a  hoy^  including  paring  and  st<>ring  the  cakm: 
the  pressoij  are  charged  fmni  three  ti»  six  times  an  hour,  accord- 
ing to  the  seed  used  (ct»tton  seed  alwiufc  four  times,  linseed  five). 
With  some  kinds  of  seed  (<^.//.,  rape  and  gingelly)  the  cnjahed 
seed  IB  worked  over  twice^  two  presses  being  employed  for  the 
first  expression  and  tliree  fur  the  second — the   |>r<*s.s  cake  piv- 
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Fig.  44. 

duced  by  the  first  treatment  being  reground  before  tJie  second 
expression,  usually  by  means  of  edge  runners  (p,  219).  8e€d« 
less  rich  in  oil  than  linseed  and  cotton  seed  yieltl  pro|X>rtioiiat«ly 
heavier  cakes  for  the  same  weight  of  seed  ;  as  a  rule,  with  the 
less  oleaginous  seeds,  %fce.,  a  lietter  yield  is  obtained  by  pressing 
proportionately  smaller  t quantities  at  a  time,  so  as  to  form  in  all 
cases  oiloftkes  of  alxmt  the  same  tlnckness. 


Fig.  4.\ 

With  certain  kinds  of  see<ls  furnishing  *'  ssdad  ''  oils  of  finis* 
character,  the  expression  is  carried  out  in  three  stages  :— Fii»l 
of  all  cold  pressure  is  applied  to  a  modenite  extent,  whereby* 
"cold'drawn  "  oil  is  obtained  of  the  puiest  i|uality  (after  refininj?, 
i,fi.^  removal  of  nmcilagej  ite/).  Tlien  the  cake  is  again  ground, 
slightly  moistened  with  water,  ami  pressed  a  second  time,  using 
somewhat  liigber  pressure  ;  the  oil  thus  obtained  is  cold  druim 
oil  of  second  quality.     Finally,  the  cakes  are  again  gromid  nod 
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ad  pressed  hot;  the  oil  thua  obtained  in  far  inferior  to 
f  the  former  runnings.  The  oilcake  thus  left  often 
retains  a  sufficient  quantity  of  oil  to  render  it  worth  while  to 
treat  by  some  solvent  extnu,*tion  prmress  (p.  2S1),  whereby  a  atiQ 
"  wer  grade  cjf  oil  is  ultimately  obtained.  This  mode  of  treat- 
tnent  in  several  stages  is  more  especially  arlopte*!  in  the  case  of 
higher  class  edible  oils — such  as  those  from  the  arachia  nut,  and 
froio  sunflower  seed  ;  or  in  the  prfxluction  of  the  more  highly 
priced  oils  used  for  other  purpjses  — »?>^,  almond  oil.  Coarne  uib, 
ch  as  Unseed^  are  usually  ex[jresHed  but  once,  the  pulp  being 
leated  to  connoence  with  as  described  Ix^low,  partly  to  render 
the  oil  more  Hind,  and  partly  to  coa'.fulate  aHiuminaus  matt^er. 
Sf>me  kinds  of  seeds,  however  {^^.fj.^  sesame  and  rape),  ai*e  gener- 
ally treated  in  two  stixges — i.f.^  pressed  twice  successively  8o  as  to 
obtain  twi>  qualities  of  oiL  When  the  cake^i  are  removed  from 
the  prejiSi  the  cloths  are  stripped  ott"  and  the  eilges  pared  off; 
the  parings  contain  a  not-fible  amount  of  oil,  and  are  therefore 
ground  up  and  mixed  with  fresh  crushed  seed  for  another 
tch. 

In  some  cases  mixtures  of  seed??  are  intentionally  prepared  and 

ushf*d  and  treated  together ;  in  Dthors  the  seed  as  harvestinl  is 

mixture,  two  or  more  kinds  of  plants  being  grown  together;  so 

lat,  excepting  when  the  seeds  differ  sufficiently  in  size  to  becapable 

►f  separation  by  sifting,  the  oW  ultimately  obtained  is  necessarily 

a  mixed  cliara<»ter.     Partly  from  causes  »tt'  this  kind*  and  partly 

\n  accMiunt  of  subsequent  .xdulteration,  it  is  difficult,  if  not  impoa- 

ble,   to  obtain    an   absolutely  pure  oil   of  any  given    kind  in 

mmerce,  the  only  practicable  method  of  procuring  a  perfectly 

pure  sample  being  to   hand-jnck   the  seeds  and  express  the  oil 

in  a  small  press  kept  for  such  purposes,     Aeconlingly,  a  small 

Sress  for  the  purjH*se  of  prepariuL*  samples  of  genuine  seetl  oils 
*i>ni  tiuje  to  time  is  an  indispensable  part  nf  the  equijvment  of 
laboratory  where  oil  examinations  are  muile  liy  com  pa  list  m  of 
llhe  sulistAnces  tested  with  specimens  of  oils  and  mixtures  of  oils 
nown  to  Ix^  thetiiselves  unadulterateiL 

Compositioii  of  Oilcake. — The  amilyses  quoted  on  p.   *JH 
ilLre  given  by  Schadleras  representing  the  average  compositioii  of 
ilcakes  of  varitms  kinds. 

According  to  Yoelcker,  linseed  cake  made  by  the  older  system 

iiually  contiiins  from  below  10  to  ab<iut  16  per  cent,  of  oil,  and 

>tton  seed  cake  frfmi  6  percent,  (undecorticatctl)  up  to  16  per 

nt.   (decorticated).       Oilcakes    made   by   the  Anglo- American 

lystem  of  working  are  usually  more  completely  expressetl,  so  as 

to  c<mtain  distinctly  smaller  percentages  of  residual  oily  matter 

than  cakes  prepared  without  the  aid  of  a  moulding  machine*     If, 

Jiowever,  the  expression  i>e  carried  too  far,  the  value  of  the  cake 

cattle  fodder  is  greatly  diminished j  so  that  in  extreme  cases  it 

.y  Ije  rendered  uiusalcable. 
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OelHtloie 

OUakefram 

Water. 

F»it7 

l£kU«r. 

Aab. 

FnMdm. 

"^ 

Arachia  nuts,   . 

11-50 

8-80 

3  MO 

7-25 

41-35 

B-m 

Cotton  seed,     . 

13D0 

7-50 

51-00 

8-50 

20-00 

2i» 

10-12 

0-23 

41-93 

684 

31  HS 

5^ 

11-35 

900 

42  82 

OSS 

30-55 

4^ 

Sesam^  seed,     . 

10-35 

10-JO 

38-80 

J>*HO 

zim 

5-00 

BMchauta,  .     . 

1 1  ^O 

S  .H» 

41V-80 

r>-3o 

24m 

3-» 

linieed..    .     . 

10-50 

1)83 

4401 

6-50 

28-50 

4-S5 

CnmBoed,  ,     . 

12:23 

7'6S 

47-00 

12-50 

20-50 

3<» 

Cameliua  seed, 

060 

9-20 

60-90 

7-00 

23-30 

s-eo 

Poppy  seed, 
Hanflower  seed. 

!l-50 

8  90 

3787 

11-43 

32'50 

500 

10*20 

8"r»0 

48-90 

1 1  -40 

21-00 

2^ 

Madia,    .     .     . 

11-80 

7-90 

50  00 

12-24 

18-00 

2-50 

Hemp  aeed» 

10-00 

8-21) 

48  OO 

12-24 

2150 

3^ 

Pi*lm  kernels,  , 

1>'50 

8*43 

40*9.-1 

10*62 

30  40 

41i0 

DokemuU,  .     . 

10  00 

9-20 

40-50 

10-50 

^^ 

4-50 

Nortiliiij^er  has  fnund  (p.  115)  from  G  t«»  15  per  cent,  of  toul 
fatty  matters  contaiotHl  in  riipe^  P^^Ppy*  eurthiiut,  sejiaiiie^  {Miiiunat^ 
i?ok*?rnut,  IJnscsed^  and  c^tstor  bean  c<ikeii;  of  which  the  free  acids 
constituted  fractions  varying;  between  le^s  tlmn  -^Ji^  and  abov«  ^. 

According  to  B.  Dyer,*  Unseed  cake,  an  innde  at  the  present 
(hi/,  (jontaiua,  on  an  avei-age,  ubout  10  per  cent,  of  oil,  varying 
Ijetween  7  and  10  per  cent;  of  this  a  quantity  varying  Vjetween 
one-thirteenth  and  one-fifth,  usually  consists  of  free  fatty  acid, 
the  pnipt»rtion  being  lei*s  tlie  purer  the  linseecL  Wit-h  aoine 
fi^©«hly  expressed  cakes,  free  acid  in  prrictiextlly  aWent  j  on  the 
otht^r  hand,  with  cakes  that  have  **lieated"  on  keeping,  ihf 
i^reater  pi>rtion  of  the  iijly*-*erideH  originally  present  is  decom- 
piised,  protiucing  free  fatty  acids.  (Jbv  iuusly,  the  pr(*ji«*rtion  of 
free  acid  formed  chieKy  depends  on  the  extent  to  which  hydrolytk 
actiiHiH  have  taken  place  during  storage. 


OIL  MILL   PLANT, 

The  plant  in  u^e  in  modern  oil  mills  vorien  BomewhAt  in 
detailH  ucoordiiig  to  the  nature  of  the  materijil  to  be  treated,  md 
;uxx>rding  aa  the  substance  is  intended  ftrst  to  be  submitted  to  a 
preliminary  cold  pressing  so  as  to  olitain  a  portion  of  the  oil  »s  a 
pnxluct  of  tioer  quality,  and  then  to  hot  pressings  to  obtain  lower 
i^rades;  **r  to  be  treat-ed  hrjt  at  one  of  deration  only.  Further^ 
the  (Miniate  somewhat  nn« lilies  the  character  of  the  pmoMap 
Inasniuda  ii,s  many  substi^nceH  can  be  suflacientlv  coinple 
expre,H»*xl   in  a  tropical  climate,   without  any  extraneous 

♦  Jbirr/r.  See,  Chem.  /iwf.,  1893,  p.  8, 
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lin;*  requii^iie,  that  would  re([uirp  to  \m  sirtificially  warmed  in  a 
colder  climate  to  render  the  ull  Hiifficieiitly  liuid  to  exude  properly 
by  pressure.  Agnin.  the  scale  un  whkh  the  f)perations  are  to  be 
Cioziducted,  and  considerations  OvS  to  relative  cost  of  labour,  fuel, 
iknima.1  power  {horses  or  bullrtcks,  ttc,),  value  of  oilcake  when 
expressed  as  far  as  practicable^  or  only  to  a  lesser  extent,  and 
whether  to  l>e  subseijuently  treated  by  solvent  processes  or  not, 
and  fio  forth,  have  also  to  1m3  taken  into  account.  In  general 
iermH,  liowever,  the  plant  may  be  deaeribed  im  eHseniially  con- 
sisting of  bfjilers  and  engines  for  steam  raising  for  heating  pur- 
|Mxses  and  power;  criiJ^hing  machinery  (rolln,  edge  runners,  *fec.) 
for  breaking  up  the  material  Si>  as  to  rupture  the  walla  of  the 
cellular  tissues  in  wldeh  the  oily  matter  is  contained  ;  heating 
appliances  whereby  the  material  (either  as  delivered  from  the 
crushers^  or  after  a  preliminary  cold  pressure,  and  subsequent 
ilijjiiitegration  of  the  partly  expressed  cake)  is  subjected  to  heat 
for  the  twofold  i>urfH:»se  of  rendering  the  oil  more  lluid,  so  as  to 
facilitate  expression,  and  of  partially  coagulating  albuminous 
matter  so  as  to  obtain  a  purer  jiroduct  ;  hydraulic  presses 
"  ereby  the  expression  is  effected ;  and  finally,  filter  presses, 
ning  tanks,  settlers,  and  analogous  appliances,  whereby  the 
crude  oil  is  refined  and  nmre  or  less  CLimpletely  separated  from 
watery  and  organic  matters  accompiinying  it  when  first  ex- 
pres^sed.  What  is  no w^  generally  known  its  the  **  Anglo-American 
syst-em  *  substantially  consists  in  the  use  tif  n  selection  of  par- 
ticular appliances  tor  the  above  purposes  conjoined  with  a  special 
feature — viz.,  that  tlie  crusheil  material,  after  damping  and 
beiating  in  a  suitsible  **  kettle/'  is  subjected  to  a  preliminary 
moulding  operation  so  as  to  shape  and  compress  it  into  compact 
thin  blot*ks  or  "cakes,"  which  are  then  expressed. 

The  chief  advantages  of  this  system,  as  employed  in  the  plant 
constructed  by  Messrs^  Hose,  Downs  ik  Thompson,  of  Hull,  are 
claimed  to  l>e  as  follows,  wdieii  contnisted  with  older  systems  of 
arranging  and  w^orking  oil  mill  plant : — 

All  the  machinery  is  belt-driven  ;  whereby  not  only  is  greater 
tjccmomy  secured  in  the  cost  of  gearing  and  greater  facility  in 
erection,  but  also  a  considerable  saving  (about  20  per  cent.)  in 
<lriving  power. 

Tbe  weight  of  the  machinery  requisite  to  wurk  a  given 
f|itatitity  of  seed  is  materially  reduced,  whilst  the  process  is 
ec|ually  applicable  to  all  inl  seeds  aTid  nuts,  slight  variations  in 
tlie  nature  of  the  rolls,  itc,  being  made  in  som^*  cases,  accoixliug 
to  the  nature  of  the  seed,  kc,  treated. 

Tlie  plant  ii*  less  bulky,  a  great  economy  in  space  lieing 
effect^;  whibt  a  large  saving  (50  ftcr  cent.)  of  laWur  in  the 
pre%H  room  is  also  brcmght  about. 

The  oil  is  more  perfectly  extracted;  thus  linseed  cake^  made 
cin  the  old  system  usually  contain  about  10^  per  cent,  of  oil,  and 
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those  made  by  the  modern  process  only  about  7  per  cent.,  giving 
an  extra  yield  of  oil  to  the  extent  of  about  3^  per  cent,  of  the 
weight  of  the  cake. 

The  bagging  requisite  for  moulded  cakes  is  subjected  to  less 
severe  wear  and  tear  than  that  used  in  the  ordinary  process ; 
whilst  the  costly  hair  envelopes  are  altogether  abolished.  More- 
over, the  cakes  produced  have  a  better  surface  and  fracture,  and 
are  better  branded  when  the  crushing  is  effected  by  rollers  than 
when  done  by  means  of  edge  stones  in  the  ordinary  way. 

In  what  is  termed  a  "  unit "  mill  on  this  system,  the  plant  is 
capable  of  crushing  from  160  to  200  cwts.  of  linseed  or  rape 
seed  per  day,  or  155  to  190  cwts.  of  cotton  seed.  The  seed 
passes  down  a  shoot  to  a  series  of  crushing  rolls  (usually  five  in 
number),  thence  by  an  elevator  to  the  kettle,  where  it  is  heated; 
a  moulding  machine  forms  it  into  cakes,  which  are  placed  in 
presses  (four  standing  in  one  oil  tank)  and  expressed.  A  paring 
machine  cuts  off  the  oil-containing  edges  of  the  pressed  oilcakes  ; 
these  are  ground  up  under  small  edgestones  and  returned  to 
the  kettle  to  be  worked  over  again  with  a  fresh  batch  of 
crushed  seed.     One  set  of  four  presses  requires  three  men  in  the 

Eressroom  and  about  45  actual  horse  power  to  work  it.  For 
irger  mills,  this  "  unit'*  set  of  plant  is  simply  doubled,  trebled, 
or  quadrupled,  and  so  on,  each  additional  set  requiring  a  further 
addition  of  about  35  actual  horse  power.  In  very  large 
installations,  where  more  than  two  sets  (eight  presses)  are  used, 
a  system  of  accumulators  is  preferable  rather  than  separate 
pumps  for  each  set  of  four  presses ;  accumulators  at  a  lower 
pressure  being  also  used  for  the  moulding  machines,  cake  hoists, 
Jcc,  whereby  a  considerable  saving  is  effected  in  gearing  and 

space.    Fig.  46  exhibits  the  ground  plan  of  a  16-press  installation 

containing  the  following  plant : — 

1  High  pressure  accumulator. 

2  Low  ,, 

16  Hydraulic  presses,  each  with  a  hydraulic  gauge. 

1  Set  of  hydraulic  pumps. 

4  Sets  of  accuninlator  stops. 

4      „       seedrolls  (5  rolls  in  each). 

4  Seed  kettles. 

4  Moulding  machines. 

2  Paring  „ 
4  Sets  of  elevators. 

2  Sets  of  edgestones. 
2  Oil  pnnips  and  cisterns. 
4  Seed  screens. 

Oil  cisterns  to  hold  200  tons  of  oil. 
Engine  to  work  up  to  200  actual  horse  power. 
Boilers  „  250 

^^gethcr  with  gearing,  elevators,  sack  lift,  piping,  &c 

Such  an  installation  requires  twelve  men  in  the  press  room^ 
"^fech  should  measure  66  ft.  by  44  ft.,  the  whole  building  being 
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'27 D  ft.  by  44  ft,  four  Hmirs.     From  640  t«.  800  cwt*.  of  linaeed  i 
rape  seed,  t>r  from  620  u*  760  cwts.  of  cotton  need  can  then 
treated  per  day  of  1 1  Iioiu*h. 

Cmshing  Holls  and  Bdgo  Bunners.— Fi^j;.  47  represents  1 
Hf*t  of  four  siiporpnsfHi  rolU  usHtl  as  alxive  de»crib*Ml  ;  these  are 
42  inches  long  uiul  ]*i  ijidies  diameter,  and  are  so  arranged  that 
the  seed  is  delivered  fnun  the  hopper  aVx>ve  (by  means  of  a  Huted 
fefd  roller  the  niimv  length  a-s  the  crushin*?  rolls,  and  a  nlonting 
shtiot),  l>etween  the  two  u|tiKrnit>st  rolls  ;  having'  pas-smi  betweea 


tliesej  another  curv-ed   shcKit  or  guide    plate  on   the  other  si^^^^ 
delivers  it  V^etween  the  seeoiid  and  third  rolls,  which  crush 
further;    in  sinular    fanhiun   it    jwi-sse^    by  another   guide    pbi^^ 
between  the  tliiixl  atul  iVmrth   rolls,  where   it  receivej*  the   tin#^  * 
grinding.     The  seed  is  thus  cm-slied  three  swccessivc  times  in  i^ 
paasage  through  the  rolls,  which  are  brougbt  into  eonUiet  by    ^* 
combination  of  a  screw  and  india-rubber  springs,  thus  giving   ^* 
smooth  and  easily  regulated  pressure;  a  muuh  more  complete* 
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d  perfect  griiidini^  b  thu8  effected  than  is  posnible  with  singli* 
^of  rolls  and  edgestotie^  of  the  older  construction.  When 
>lls  are  employed  in  the  same  train^  the  arrant^'enient  \b 
&ly  similar^  four  successive  crushin*js  beinif  etTecte<L  For 
«mnal]  installations  the  rollsi  used  are  similar  in  chanicter.  hut  i»f 
profKirtionately  Hnialler  fiize  ;  thus  a  set  of  four  lulls  (crushing 
the  seeds  thrice  succesfiively),  each  15  inilies  long  and  12  inches 


liOtiMV    "suffices    fnr  a  steam    driven    mill    of  about  half  the 

ity  of  a  **unit;''  and  one  of  three  roiln  (j^ivin^  two  huc- 

iTe    cm8hings)»  each  8  ineheM  long  and  8  inches    diameter, 

fimaUer  sizes  still,  driven  by  bullock  power. 

In  some  oil-crushing  establishments  heavy  eilge  runners  are 

ferretl  Uj  rolls  for  certain  kinds  of  material — f.</»,  Egyptian 

Cition  seed  and  copralu     Fig,  4H   indicates  a  belt-driven  pair  of 

»ni%  H  feet  diameter   and   "JO    inch#i«    thick    (the  face    being 
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chamfered  t«  16  inehes);  with  these,  about  6  tons  o 

cotton  seed  may  lie  crushed   in  eleven  hours.     The  I 

are   made  of  well   dresHed   I>erhy8hire  gritstone,   free   (rcttn  all 

sand  holes,  cracks,  shells,  and  other  imperfections,  the  bedstone 

(6  feet  6  inches  diameter  and  22  inches  thick)   being  of  the 

same  material. 

Smaller  sizeil  stones  suffice  for  grinding  cake  parings;  fort] 
4-press  "unit"  installation  alxive  describetl  one  set  of  stonm 
suffices,  4  feet  diameter  and  12  inchcH  thick  (face  9  inches).     F< 
thi^  purpcLSC,  two  carfe  plates  are  used  instead  of  one,  as  shofwn 


4 


I 


I 


in  Fig.  48,  the  upper  one  being  perforated,  so  that  the  material 
that  is  being  ground  nmy  pass  through  on  to  the  lower  one  ad 
3t3on  as  it  is  sufficiently  pulverised  ;  from  the  lower  plate  it  is 
gathered  together  and  tlischarged  tlinjugh  a  shuttle  at  any 
cimvenient  point.  The  texture  of  the  material  thus  ground  i* 
regulated  by  the  fineness  or  coarseness  of  the  perforations. 
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Dme  mills  working  coprah,  slicing'  or  moping  oiachioes  are  era- 
ployed    to  cut    up  the  mateniil   liefure  grinding  ;    hut   so  much 
nage  is  done  to  the  knives  hy  stones  mixed  witli  the  coprah 

[lat  this  previous  treatment  is  now  hut  seldom  employed,  special 
sintegrators  being  usetl  instefid  {p.  22-5). 

Kettle. — The  **  kettle"  used  in  the  Anglo-American  system 
BiatB  of  a  steam  jacket  ted  circular  castiron  vensel,  furnished 
with  an  agitator  ( Fig.  4{^)  driven  by  a  t>elt;  a  steam  damping 
a|)paratus  with  perforated  hinm  m  fixed  inside,  so  that  the  cruished 
seed  delivered  into  the  kettle  hy  an  elevator  is  moistened  by  the 
condensation  of  steam  from  the  damping  arrangement,  and 
heated  up  iinitV>noly  as  the  mass  is  stirred  by  the  jigitMor.  By 
means  of  a  slide  at  the  iKjttcmi  the  heated  substance  is  delivered 
into  a  l»ox  supplying  the  moukling  machine.  The  kettle  body  is 
fitted  with  a  wooden  frame,  ami  covered  over  with  felt  or  alag 
wool  enclosed  within  iron  sheeting  to  keep  in  the  heat  In  order 
to  save  space,  the  crushing  rolls  are  sometimes  arranged  vertically 
aboi'e  the  kettle  ;  hut  in  addition  to  the  inconvenience  caused  by 
this  elevation  as  regards  ins]:M?ction  and  adjustment,  the  steam 
~  >m  the  kettle  is  apt  to  condense  on  the  rolls  and  clog  thcQi ;  so 

iat  tliii*  dispisititin  is  generally  abandoned  in  the  newer  mills, 

be  crushed  seed  Viei ng  delivered  into  the  kettles  by  means  of 

BVtttors  (Fig,  55)  or  screws,  and  not  by  gravity, 
"     the  older  system  of  working  where   moulding  machines 
'  not  employ e<l,  the  kettles  used  for  heating  the  crushed  seed, 
fee,  are  of  similar  chanicterj  but  are  usually  not  supplied  with  a 
"simpiiig    arrangementj    as    the    necessity   for    moistening    the 

Dateriai  in  order  to  mould  it  better  does  not  then  arise. 
Moulding  Machine,  —The  use  of  this  a]>pliaiice  is  the  most 
diii t inc t  i  v  e  feat  u  re  o  f  t  h  e  A  n  g  I « >  -  A  i  n  er  i  can  system  ;  the  d  ili'ere  nces 
between     this    and     the    oh  let 
metliod    of   procedure    may    lie 
"lus  stated.     In  the  old  system 

t>m  1 1  to  16  lbs.  of  seed  are 
placed  by  a  boy  in  a  woollen  bag  ; 
'm  preHs  man  takes  up  the  liag, 

jubies  it  liack  s<»  as  to  chjse  the 

ftouth.  and  then  places  it  on  the 

Dwer  half  of  u  *Miair'  or  other 

ivelope    (Figs.    50    and     '>l  ♦) 


Fig,  31. 


^Aivetopea  of  vtilcanised  fibre,  paper,  anti  other  matcrlatB  are  frtiquently 
HOyed  instead  of  the  mi^re  expensive  *' hairs." 
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tliat  lie  has  pniviously  placed  on  ii  tahle  in  front  of  iiiv  |ii 
He  then  .simK*tlis  l]w  hiv^  with  liw  liaiid  until    the  seed  i-i  dis^ii 
buted  t!iroiighciut  tlie  interior sm  ei|ually  or  fKiH>iihle.    The envekij 
U  then  clused  ovtT  the  luig,  and  the  whole  taken  up  and  pl*edll 
in  the  pre,s8.     Thin  |»i"<>ceas  i*^  continued  until   the  press  is  filler' 
ch  cake,  t^»*;ether  ^vith  its   ijox,  occupying  a  vertical  thicko 
upwards  of  10  inches.     Wlien  the  moulding  Dia/chine  is  i 


Fi; 


c^ach  cake  with  its  ]4atc  only  occupies  .1  inches,  thereViv  grcatlf  I 
increasing  the  capacity  of  the  pres-s  ;  whilst  the  cfwt  of  lalx>ur  i*] 
consitlenihly  lefifiened.  The  moulding  is  thus  effected  ;  the  wxrtk*! 
man  lief^ins  hy  niising  a  measuring  frame  and  placing  undernettth] 
it  a  sliding  frame  holding  a  tray  with  a  piece  of  wiKiUen  cU^UlJ 
about  double  the  length  of  the  tray  place<l  thereiui  centre  tnj 
centre,  the  end«  of  the  cloth  hanging  dt»wn  ;  the  measuring  fnuDit| 
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H  now  brought  down  on  the  top  of  the  tray  and  cloth,  and 
crushed  seed  introduced  from  a  box  (fed  automatically  from  the 
kettle  as  required)  until  the  frame  is  full.  The  frame  is  then 
thrown  hack,  the  loose*  ends  of  the  cloth  folded  over  the  seed, 
and  the  sliding  frame  carrying  the  tray,  seed,  and  cloth  pushed 
forward  over  the  pressing  plate.  This  motion  of  the  frame  sets 
the  machine  at  work,  the  pressing  plate  ascending  and  squeezing 
the  seed  into  a  compact  mass  about  11  inch  thick,  after  remain- 
ing in  contact  with  it  about  a  quarter  of  a  minute.  The  pressing 
plate  then  &118,  and  the  machine  stops,  enabling  the  press  man 
to  remove  the  compressed  cake  to  the  press,  carrying  it  on  the 
tray  which  is  withdrawn  as  soon  as  the  cake  is  in  position. 
During  the  time  that  the  cake  is  being  compressed,  the  moulder 
is  engaged  in  forming  another  one  on  a  tray  in  front  of  the 
machme  as  before ;  so  that  cakes  to  the  number  of  240  may  be 
thus  moulded  in  an  hour. 

Fig.  49  represents  a  mouldin<j  machine  actuated  by  steam  in 
position  with  respect  to  the  kettle ;  other  forms  are  sometimes 
used  worked  by  hydraulic  power. 

Paring  Machine. — The  cakes  obtained  in  the  hydraulic  press 
are  usually  oily  at  the  edges  where  the  oil  exuded,  so  that  the 
edges  require  to  be  cut  off,  not  only  to  trim  the  cakes,  but  also 
to  save  the  oil  with  which  they  are  impregnated,  the  parings 
being  ground  up  and  returned  to  the  kettle.  In  mills  working 
on  the  older  systems  the  press  cakes  are  generally  trimmed  by 
hand ;  but  the  simple  form  of  machine  indicated  in  Fig.  52  not 
only  enables  the  parers  to  do  much  more  work  in  a  given  time, 
but  also  to  cut  the  edges  far  more  regularly  and  neatly.  The 
cake  to  be  pared  is  placed  with  one  edge  over  a  central  longi- 
tudinal trough  ;  a  cutter  block  with  attached  knife  passes  along 
and  shesirs  off  the  portion  of  the  cake  projecting  beyond  a  given 
line,  being  driven  by  the  excentric  working  a  bar  jointed  to  the 
upper  part  of  the  frame.  The  other  side  and  ends  of  the  cake 
are  trimmed  in  the  same  way,  two  knives  being  attached  to  the 
cutter  block,  one  cutting  when  the  motion  is  in  one  direction, 
the  other  when  in  the  opposite  direction.  A  screw  works  in  the 
trough,  so  that  as  the  parings  fall  they  are  carried  onward  by  the 
screw  and  delivered  on  to  the  upper  carfe  plate  of  a  pair  of  edge- 
stones  (Fig.  48),  whereby  they  are  reduced  to  meal,  which  is  then 
taken  up  and  distributed  to  the  kettles  by  elevators  and  screws. 

Supplementary  Appliances. — In  siddition  to  the  preceding 
principal  appliances,  various  other  minor  arrangements  are  re- 
quisite in  a  well  appointed  oil  mill.  Thus,  screens  of  various 
sizes  of  mesh  are  necessary  in  order  to  sift  out  stones,  <ix.,  and 
to  partially  separate  different  kinds  of  admixed  seeds  when  their 
respective  dimensions  renders  this  practicable.  Machines  for 
decorticating  seeds  are  also  employed.  Fig.  53  represents  cotton 
seed  treated  by  such  a  machine.     A,  ordinary  Egyptian  seed 
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coated   with  cotton  filainents ;   the  ujaehine   cut«   through   the 
htisk  and  kerneJ,  B ;  a  separator  then  divides  the  husks,  C\  from 


Fig,  53. 

the  oily  kernels,  D,  the  hitter  l>eing  crushed  and  expressed,  and 
the  former  used  for  manure,  ttc.  Similarly,  castor  beans  are 
eontaiued  in  an  outer  shell  (Fig.  54,  A);  a  special  castor  seed 


decorticating  machine  removes  the  outer  Hhell,  Bj  leaving  the 
\vhit«  kernel,  C^  ready  fur  the  press.  Analogous  machines  are 
etaployed  for  decorticating  anichis  nuts  and  for  splitting  cnker- 
nuta,  cutting  thn»ut,'h  husk^  si  i  el  I,  an^l  kernel  at  one  opera* 
tion  ;  and  for  trr-i tiding  and  disintegrating  coprab.  Pulverising 
machines  for  this  purp<ise,  where  the  actitm  is  brought  alxmt  by 
a  series  of  blows  from  rapidly  moving  flat  lieaters,  answer  l>etter 
than  those  where  the  grinding  ia  effected  between  parallel  iron 


friction.  Fi;j,  55  iilustrates  the  iirrangement  weed  when 
yisiiitegratiir  is  unHiiited  directly  over  the  kettle,  and  fed 
elevat<ir, 

ley  tfe  Perry  have  patented  a  process*  for  tlieraically 
icatmg  cotton  seed.  The  seeJs,  after  lintirig,  are  subjected 
metioii  of  gases  containing  jiitrous  anhydride  and  snlphur 
j^  with  enough  air  to  **  regenerate "  the  higher  oxides  of 
In   as    fast  an   tbev  are   reduced.     After  a  few   seconds 


Fig.  55. 

:  the  fibre  has  changed  but  little  in  appearance,  b tit  its 

is  completely  destroyed,  so  that  the  slightest  friction 

lit  to  Ml  to  an  impalpable  powder,  leaving  the   seeds 

'  smootbf  and  showing  n*i  signs  of  corrosion .     A  slight 

ion  is  perceptible  on  the  outside,  easily  removable  by 

but  no  acid  penetrateR  into  the  interior. 

•  U.  S.  Patent  344,951. 
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iitwioeB,  requiring  processes  to  l>e  a4loptefl  for  their  remoul 
Formerly  these  generally  involved  long  continued  standing,  to  v 
to  enable  the  solid  impurities  to  form  and  settle,  the  process  bdaf 
in  some  cases  hastened  by  heating  to  coagulate  albuminous  matter, 
or  by  the  use  of  chemicals  {vicle  Chap,  xu)  In  many  caa^  bow 
ever,  it  is  found  that  a  degree  of  clarification  sufficient  to  render 
the  oils  immediately  saleable,  can  be  rapidly  eflfected  by  ainjplv 
pumping  the  oil  (either  just  as  it  runs  from  the  press  into  the  oil 
well,  or  after  heating  to  a  temperature  somewhat  short  of  JOO*C, 
to  coagulate  mucilage,  itc.)  through  a  filter  press  ;  the  matters 
thus  filtered  out  from  the  oil  are  generally  returned  to  the  kettle 


Fig.  m. 

and  worked  over  again  with  a  fresh  batch  of  crushed  seed,  w 
that  the  only  products  finally  obtained  are  filtered  oil  nod 
pressed  cake,  no  '* foots"  of  any  kind  being  made.  In  the  caw 
of  many  kindn  of  oil  this  simple  treatment  suffices  to  refine  th/f 
oil  sufficiently  for  most  purposes  ;  in  otlier  cases,  although  subflc- 
(juent  refining  methods  are  still  reiiuisite,  yet  on  account  of  the 
previous  removal  by  filtration  of  a  large  proportion  of  the 
impurities,  the  rest  of  the  refining  process  is  much  faciHtatfd 
and  shortr^ned.  Accoi\lingly,  in  the  newest  installations  suit- 
able filter  presses  form  an  important  part  of  the  Hulisidiary 
appl  ian  ces  e mploy ed * 
^  Fig.  56  represents  a  hydraulic  filter  press  with  self-contained 


k 


SEPARATION    OF   STEARINE8. 


220 


engine  and  pump,  inmie  l»y  Messrs.  S,  H.  Johnson  il'  Co,^  of 
—Stratford ;  the  plates  iire  **  reces^efl,'*  so  thiit  the  raised  rims  of 
■|fae  consecutive  plates  enclose  a  space  when  they  come  together, 
Birhich  finally  becomes  filled  with  the  solid  matters  ttiken  from 
Blbe  material  filtered.  Fi^s.  57  and  58  rej>rpsent  the  front  eleva- 
tion and  sectional  elevation  nf  the  platen,  which  are  provided 
with  atljustjible  tension  lnH»ks  to  carry  the  clothn,  and  stay  bosj^ 
projections  hh  as  Ui  prevent  fracture  of  tlic  j>iatcs  when  work- 
ng  under  high  pressure,  ench  plate  supporting  the  next  adjoin- 
one    from    end    to   end  of  the  mfichine.     Figs.  59  and  fjO 


Fi-.  CI. 

Ifepresent  a  difTerent  t\7)e  of  plate  surface  ("  Pyramid  drainage  ** 
IBiirface),  whereby  waslung  of  the  cakes  produced  is  more  readily 
|6fi<pctecl,  and  the  efficiency  of  the  press  largely  increased  in  the 
fts^se  of  viscid  li4ui<ls.     Fig.  61   represents  a  miniature  piittern 

of  hand- worked   press  for   small   operations   and    experimental 

purpnjses. 


SEPARATION  OF  SOLID  STEARINES  FROM  OILS,  .ki\ 

Many  oils  w  hen  allowetl  to  stand  for  stnne  time  at  a  sutHciently 
luw  temperature  deposit  more  or  less  copirius  amounts  of  solitl 
Lipatter,  sometimes  l>ecoming  semisolid  or  buttery  in  so  doing, 
■If  the  temperature  be  raised  the  whole  mass  melts  again  to  a 
Ifiuid  oil ;  but  by  *' bagging"  (or  straining  oft'  the  liquid  portion 
|thraiigb  canvas  bags  forming  rough  filterstrainerH)  without  apply- 
'  ng  heat,  the  solid  matter  may  Ije  collecteil ;  and  by  applying 
esHure  to  the  ^'bagged"  mass  the  remaining  liquid  may  be 
lueezed  out.  When  the  solid  matter  thus  eolleLted  is  sufficiently 
inular,  the  ordinary  metlit>d  i*f  cold  pressin;^  i*^^y  ^^  conve- 
ietitly  applied,  the  process  h«'in^'  carded  out  in  much  the  same 
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way  as  that  above  described  m  the  case  of  crushed  seed  pulp. 
excepting  that  the  pretisure  is  applied  more  gradually  and  geollj; 
but  in  nitttiy  casea  the  solid  pjirticles  are  so  fine  that  ihey  are 
largely  forced  through  the  interstices  of  the  press  cloth  (ctch 
when  specially  mwie  clothe  are  employed)  and  thus  h>«t  in  the 
liqaid  mnninga.  In  crises  where  the  solid  matter  is  present  in 
too  siniiU  quantity  for  onHimry  cold  pressing  filter  pre-sses  may 
often  bp  conveniently  employetl  Ut  ctdlect  and  consolidate  the 
solidified  constituents.  Thus  olive  oil  wljen  cooled  for  soiue  timt 
i  deposits  a  consitlcraljle  fraction  of  the  more  solid  glyccrides  cfWi* 
tained  (pal  mi  tin,  steariru  tirachin) ;  these  when  collected  by  the 
filtei'  press  furnish  an  *'olive  stcarine/'  whilst  the  filtered  oil  is 
proportionateiy  less  liable  to  thicken  and  deposit  in  cold  weather. 
Similarly  cotton  seed  oil  furnishes  a  considerable  amount  cd 
"cotton  stearine'*  and  a  more  Uuid  liquid  oil,  known  in  cotue- 
quence  as  wifiier  oil.  Animal  oils^  such  as  cod  liver  oil  and  whale 
oil,  furnish  analogous  steariues ;  from  sperm  oil,  sj^ermaceti  is 
similarly  separated. 

In  the  manufacture  of  paraffin  wax  for  candle  making,  Jtc, 
certJiin  fractions  of  the  distillates  obtained  consist  of  mixtures  of 
hydrocarbcms  of  difibreiit  meltiii:jj  points,  some  fusing  at  oaih 
sideralily  above  the  ordinary  temperature.  On  chilling  ^uch 
**  oilsj"  by  means  of  a  suitable  frigorific  machine,  the  liydro- 
carlxiiis  of  higher  fusing  point  mostly  separate  iu  the  solid 
form  ;  so  that  hy  straining  tlie  magma,  or  subjecting  it  to  filter 
j>ressure,  the  solitl  jiarafiins  are  separated  from  tho^je  yet  liqaid. 
The  sj>litl  matters  thus  obtaincLi  (parallin  scale),  when  refijieiit 
redistilled,  ami  subjected  to  furtlier  pressings  at  regulated  tem- 
jieratures,  ultimately  furnish  ''paralfin  wax"  of  melting  poiat 
the  nu>re  elevated  the  higlier  the  temperature  at  which  the  laal 
warm  pressing  Ints  been  efiected,  this  temperature  being  regu- 
lated by  the  nature  of  the  material  dealt  with,  some  kinds  of 
distillates  funnslnng  parafiin  wax  of  higher  melting  point  thtto 
can  \>e  isolaietl  fn:>m  others. 

Similar  t^perations  are  gone  tlirough  in  various  other  mauufii* 
tures  connecteii  with  the  coal  tar  and  mineral  oi!  industrv;  thui 
thf  separation  of  carlM>lic  acid  from  mixtures  fif  that  sulistaiic^ 
and  its  lifunologues  and  other  Iji^dies  accomfwinying  it,  is  elTected 
by  c!ii!ling  by  means  of  an  ether  or  ammonia  freezing  madiinf* 
and  ilraining  off  the  unfrozen  li<juid  fi\uu  the  mass  uf  cryittak 
that  gradually  forms.  Similarly  **  anthracene  oils,"  obtained  iht 
a  certain  stage  of  coaltur  distillation^  Ijecome  more  or  less  pajBtj 
and  semisolid  on  co«:»ling  and  standing;  &o  that  hy  strainioi: 
off  the  li(|uid  fM>rtions  Miy  filter  pressing  or  otherwise;  and  sut 
sequently  expressing  the  remaining  liijuid  by  moi*e  poiiferful 
pressure,  a  solid  residue  is  ultimately  obtaineil»  consisting  of 
^^^thracene  intermixed  with  other  solicl  hydrocarbons,  Jcc 
^^H  ^n   the   manufiicture  of  "stearine**   for   candles  (stearic  vd 
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nlmitic  acicU,  A'c,  p.  110),  simikr  tipe rat  ions  are  gone  through 
fer  the  purfMise  of  i.sf»l«itin^  mechariicjdly  the  solid  fatty  acids 
that  have  crystal li^Hed  ini<»  a  honeycombed  inaiss,  the  interstices 
of  which  are  tilled  with  the  lir^uid  acids  (**  red  oik  ").  Hydraulic 
pressure  of  the  sprmgy  solid  mass  in  sacking  aerves  to  eflfect  a 
firet  aeparatitm  of  matters  respectively  solid  and  liquid  at  the 
ordinary  temperature,  Further  **  hot  pressing "  at  a  more 
t^vated  temperature  l>rinj4;s  abnut  a  more  complete  elimina- 
of  liquid  acids  from  the  crude  luice-prensed  ntearine;  whilst 
chiliiiig  the  red  oils,  a  sejmration  uf  part  i»f  the  solitl  acids 
'▼ed  in  them  takes  phice,  an  that  i>y  filter  pressing  the 
fluid  red  oils  run  through,  whilst  an  ad<liti«>nal  quantity  of 

pure  solid  acidn  is  reUiined  on  the  tiller  cloths. 

Manufacture  of  Lard  Oil,  and  Allied  Products. — At  the 
ordinary  temperature  of  15'  to  *J5  C,  laixJ  constitutes  a  soft 
mass  consisting  of  two  kinds  of  matter,  one  solid  and  one  fluid; 
it  is,  in  fact,  an  exaggerated  case  of  the  mei'hanical  separation 
from  one  another  of  twcj  constituents  tjf  a  mixture  possessing 
different  solidifying  points  when  the  temperature  is  maintained 
between  the  two  temperatures  of  fusion,  chiefly  differing  from 
the  fiartial  dojidification  of  fluid  oils  on  cooling  and  standing 
in  that  the  solid  constituent  has  a  higher  melting  point,  and  is 
present  in  larger  quantity.  By  placing  the  lard  in  close  textured 
woollen  bags  supported  Ijy  wickerwork  frames,  and  subjecting 
it  to  long  continued  cold  pressure  (al>i>ut  IQ  cw^ts.  per  square 
inch,  lasting  for  some  18  hours),  the  fly  id  constituent  is  grad- 
ually expressed  and  the  solid  retainerh  The  fVirmer  is  knr»wn  as 
**  l»r*;l  oil/*  and  constitutes  alniut  three-fiflhs  i»f  the  whole;  the 
Utter  is  "Jard  stearine;'  and  is  a  valuable  nKLte-rial  for  the  pre- 
paration  of  the  l)ettcr  kinds  of  soaps. 

Ooker  butter  (cokernutoil  kept  at  not  ton  high  a  temperature) 
jknd  other  analogous  vegetable  semisolid  *hIs  *iv  butters,  can,  in 
like  manner,  be  separated  by  pressure  into  a  duid  "^^  eoker  oleine," 
and  a  solid  *•  coker  stearine  ;  '*  and  in  similar  fashion,  the  more 
fusible  fats  obtainetl  in  the  first  j>rocess  for  tht^  manufacture  of 
butterine^  solidify  at  a  suitable  temperriture  to  a  sembolid  niitas, 

hich,  when  carefully  pressed,  yiehls  a  lluid  portion  becoming 
buttery  consistence  when  cooled  a  little  further,  and  a  solid 
ine  suitJible  for  candle  and  soiip  making.  Fats  of  greater 
ity  at  ordinary  temperatures,  such  as  talh>w,  when  similarly 

^pressed,  also  separate  into  two  portions — e.fj.,  liquid  *'  tallow 
111 "  ami  solid  **  tallow  stearine." 


JEXTUACTION  OF  OIL  FUOM  SEEDS,  OIL  CAKE,  kc, 
BY  SOLVENTS. 

Most  oily  mutters  are  extremely  freely  solylile  in   ijenzene, 
:ht  petroleum  distillate,  ether,  cbloroform,  cartmn  disulphide, 
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and  oUier  readily  volatile  solvento;  so  that  by  bringing  gucfa 
flvids  IB  oonteci  with  the  material  to  be  treat'Cci,  the  oleagiDOos 
natter  is  dissolTed,  whilst  the  cither  coiustituents  are  mainly 
mial&icted.  By  drawing  oflT  the  solution  and  subjecting  it  to 
distillation  the  solirent  is  volatilised,  and  with  profier  condens- 
ing arrangements  can  he  regained  with  but  little  loss  for  o» 
over  again,  whilst  the  oil  remains  in  the  still. 

A  large  number  of  different  arrangements  have  l>een  propoflod, 
and  many  are  in  actual  use  (more  especially  on  the  Continent) 
for  effecting  this  purpose,  differing  in  vaiious  respects  according 
to  the  natui>e  of  the  material  to  be  treated  and  the  solvent 
employed^  Ac  When  the  material  is  rich  in  oil — e.^.,  when 
palm  kernels  (ground  to  meal)  are  used,  and  similar  substances 
not  already  largely  deprived  of  oil  by  expression,  the  apparatus 
emi^oyed  esaentially  consists  of  a  cylinder  or  other  clos^  tank 
of  boiler  plate,  proWdetl  with  a  manhole  for  charging  and  di»* 
charging  the  meal,  which  is  supported  on  a  perforated  fidse 
bottom.  Into  this  carbon  disulphide  is  run  by  gravitation,  or 
pumped  from  a  well,  entering  at  the  Utttt^mi  and  passing  upwurdi 
through  the  mass  (or  rice  versd  when  light  petndeum  spirit  if 
used) ;  the  fluid  dissolves  out  the  oiL  and  runs  away  at  the  exk 
either  direct  to  the  distilling  apparatus,  or  to  another  simikr 
cylinder  where  it  dissolves  out  more  oil,  furnishing  a  stronger 
solution.  With  substances  less  rich  in  oil,  such  as  oilcakafi 
several  cylinders  ai*e  usually  worked  in  succession,  the  fhlil 
percolating  through  each,  and  ultimately  yielding  a  largely  eon* 
centrated  iatty  solution,  much  as  in  the  methodical  Uxiviatioil 
rtpp*iratus  employed  in  dissolving  crude  s<xlium  ciirlxinate  from 
black  ash  in  the  Leblanc  sc^da  prt>cess.  The  supply  of  disulphide 
to  the  first  cyliixier  is  kept  up  until  a  sample  uf  the  issuing  fluid 
is  found  to  contaiii  little  or  no  oil  in  solution.  The  connectioa 
with  the  disulphide  Bupply  is  cut  o^\  and  then  by  means  of  a 
current  of  compressetl  air  or  of  steam,  the  tluid  in  the  first 
cylinder  is  forced  onwards  into  the  second,  which  is  then 
coupled  to  the  supply-,  becoming  the  fii-st  of  the  series.  The 
disulphide  still  adherent  to  the  exhauste^l  material  in  the  first 
cylinder  is  volatilised  l>y  means  of  steam,  let  in  under  the  false 
bottom  {or  at  the  top),  tlie  vapours  being  carried  to  a  condensing 
worm,  where  a  mixture  of  water  and  disulphide  is  condensed. 
The  exhausted  in  ate  rial  is  then  discharged,  the  cylinder  refilled, 
and  coupled  to  the  aeries  at  the  far  end,  so  that  the  disulphide 
passing  in  lias  already  a  considerable  amount  of  oil  in  solutioiL 
In  this  way  the  nearly  exhausted  material  is  fed  with  fresh 
disulphide^  whilst  the  newly  refilled  cylinder  is  supplied  widi 
oomjmratively  stn>ng  solution  ;  the  liquid  ultimately  jiassin^  oot 
is  led  away  to  a  distilling  apparatus,  where  the  volatile  disulphide 
is  steamed  ofl*,  and  the  residual  fat  finally  collected. 

Fig.    6:3   (Schadler)   illustrates  a  set   of  four  steam -jackettcd 
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cylinders  thus  used  in  series,  Aj,  A.>,  A.^^  A^,  aif*  the  four  vessels 
80  eonnetcterj  Ijy  pipes  Dj,  D.>,  B.^,  I>^,  that  tlit?  liquid  imssin^  off 
at  the  tcip  of  each  is  supplied  to  the  iiott^nn  of  the  next,  A|  l>eing 
reckoned  as  next  to  A^,  These  connectituis  are  opened  and 
oloBed  as  required  by  meaucS  of  tlie  Cf>cks  E^,  E.,,  E,^^  E^  ;  H^,  Hn* 

Kl^  H^  are  pieces  of  ;{bi^,s  tubing  serving  as  gauges.  B  is  the 
wlxm  disulphide  supply  pipe;  by  means  of  tlie  two-way  cocks, 
I^t  C.,  C3,  C^,  fresh  tJisulpiiicle  can  be  supplied  to  uny  une  of  the 
mr  vessels  as  required.  N  is  a  steara  pipe  from  which  steam  is 
lown  in  ti)  any  vessel  by  me^iia  r»f  tlie  eucks  O^,  On,  O.,^^  O^^  or 
into  the  jackets  throu<^h  the  ctieks  Pj,  P.,,  P.^  P^.  F  ia  the 
satunited  carbon  disulphide  main,  the  final  solution  tlowing  into 
it  through  the  cocks  (r^  G,,,  U.,^  G^.  J  is  a  pipe  into  which  the 
liquid  contents  of  the  cylinders  can  l)e  blown  otl*  through  the 
cocks  Kp  Kj,  K.j,  K^,  L  is  a  compressed  air  main  from  which 
air  can  be  8upplie<i  to  each  cylinder  by  the  cocks  iM  ^  M.>,  M^,  M^, 
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Suppf*s€  all  four  vessels  filled  with  materiid  to  he  exhausted ; 
by  opening  the  cm^k  C.,  connection  is  established  between  the 
llsulpliide  nittin,  B,  and  the  cylinder  A^,  through  the  pipe  Dj, 
lAnd  cock  E,j ;  disulphiile  then  flows  into  A._j,  percolating  througli 
he  material  until  the  h*vel  of  the  cock  CI,  is  reached;  this  is 
et  so  as  U>  shut  *iff  the  disidphi*le  main  and  open  the  connection 
[with  A3  through  D.>  and  E. ,  c<inse([uently  the  disuljthith:^  passes 
"onwards  into  A,^,  In  similar  fashion  it  passes  successively  into 
A 4  thniugh  Cj,  D.,,  and  K^,  and  into  Aj  through  C^,  D^,  and  E^. 
Finally,  it  is  drawn  olf  through  Gj  into  the  saturated  solution 
main,  F,  whence  it  flows  to  the  still  (t»r  an  intermediate  store 
tank).  The  pmgress  of  the  extniction  is  judged  by  the  colour 
viBible  at  the  gauti;e,  H„ ;  when  the  lit[Uor  is  seen  to  be  devoid  of 
^^oolour,  all  available  oil  liax  lieeti  ilissolvecl  The  cock  Oj  is 
Htfien  closed  so  as  to  shut  off  the  disulphide  supply,  E.^  is  closetl. 
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iiud  M..  and  K,,  opened,  so  that  coiupresse*!  air  enters  A^  i 
forces  the  liquid  con  tents  out  through  the  discharge  pip*?,  J  ; 
steam  cocks  O^,  P.^  are  then  op^^ned,  so  that  the  cylinder  luictl 
contents  are  heated,  tlie  difiulphide  vapour  ihu.s  prcxiuced  being  ^ 
driven  out  along  with  some  water  vapour  through  J  to  a  con- 
densing apparatus.  To  avoid  Joss  of  disulphide  vapours  not 
completely  condensed  l>ut  carried  away  with  the  escaping  air, 
this  is  made  to  pass  through  an  alistjrbing  vessel  containing  oil 
which  dissolves  out  the  disulphide,  forming  a  liquid  from  which 
the  ilisulpliide  Is  reeovereti  by  distillation  when  strong  enough. 

Tile  cylinder  A.,  being  exhausteci  and  all  disulphide  steanietl  ofi^ 
the   manhole  is   opened,  the  exhausted    ehar;2;e  withdraw^n,  and , 
41  new  one  introduced.     A,,  is  then  coupled  on  in  front  of  Aj  andj 
the  whr>le  operation  recommenced,  the  ortler  in  wdiich  the  fresh  J 
disulphide  j>a6*ses  through  the  series  being  now  A^,  A^,  Aj,  A2 

J  J 


Fig.  03. 

instead  of  A,^  A^  A^,  A^,  as  at  first     In  similar  fashion,  Ajj,  A 
und  A I  are-  in  turn  exhausted  and  recharged » 

Fig,  (y'^  represents  a  Heyls  distillation  apparatus  for  hoilin^ 
offthecarlxm  disulphide  from  the  fatty  solution  thus  obtained. 
A  is  a  boiler-plate  vessel  furnished  w4th  a  steam  jacket,  B,  at 
the  liase.  St+'am  is  let  in  at  C,  and  the  condensed  water  drawn 
ofi'at  D.  The  disulphide  solution  is  supplied  at  E,  the  gauge  F 
enabling  the  right  level  to  be  attained,     L  is  the  draw-off  pip 
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the  oil  finally  left;   J  J   exit  leading  Uj  ooaclenser ;    Han 
|ltAtor   workeil  by  a   handle,   G ;    K,   a    tube  through    which 
can  be  led  in  to  a  circular  pipe  at  the  base  inside,  per- 
iled with  a  number  of  fiiinute  orifices.     The  solution  being 
run   in,  «team   is  turned  on  when  boiling  soon  coiuineocesj  the 
disulphiile  vapours  being  led  away  through  J  to  the  condenser. 
The  agitator,  H,  facilitates  the  evaporation ;  at  the  end   steam 
I    IS  blijwa  in  through  K,  so  as  to  pass  through  the  residuiil  oil  in 
'    A  multitude  of  fine  streams,  and  so  drive  olf  the  last  traces  ol" 
I    dttulphide  vapour.     Finally,  the  oil  is  drawn  ofF  through  L,  and 
I  m  tetmh  charge  introduced. 

^K^F^.  C4  represents  a  simpler  form  of  extraction  apparatus 
P^>eitz's),  consisting  of  an  extraction  t^uik,  B,  into  which  disul- 
pLide  is  pumped  at  the  l)ottoni  from  the  well,  A,  by  the  pipe,  /f, 
the  fatty  solution  piissiitg  oli"  at  the  top  tlirougb  the  pipe, /*  to 
tike  still,  I) ;  the  vapou.ra  here  evolved  are  led  away  through 
the  pipe,  ee,  and  cfindensed  by  the  worm,  C,  the  condensed 
disulphide  returning  to  the  well,  A,  When  tlie  extraction  is 
complete,  the  disulphiile  supply  is  shut  off  and  steam  injected 
into  B  through  a  coil  at  the  base  below  the  false  l>ottom,  dd; 


Fig.  64. 

lual  fluid  in  B  is  tlius  forced  back  into  A,  n,nf]  ft'!  the 
comes  great*rr»  the  disulphide  still  remaining  in  the  ex- 
mass  is  volatilised  and  carried  to  the  worm,  C,  thixjugh 
ee.  The  hejit  is  supplied  to  the  still,  D,  by  means  of  a 
steam  coil  inside  ;  finally,  steam  is  blown  through  the  residua! 
^Jjil  to  remove  the  last  traces  of  disulphifle,  and  the  oil  dniwn  off 
^^praugh  the  discharge  pijie,  i.  A  series  of  these  extractors  is 
^■Knerally  employed,  worked  in  couples  alternately, 
^m  Carbon  disulphide  lieing  heavier  than  water  is  comparatively 
^Teadily  protected  from  evaporation  by  a  layer  of  that  tluid  on 
its   sarface;    on   the   other    hand,    its   vnpour   is   very    readily 
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wben  brcAtfa^d  for  long  periods  prcxlucf^  a 
|iW7«l»r  fcrm  of  putsanous  action,  culminating  in  a  sf>ecieA  of 
hiiiinily>  ligbi  petvoleam  spirit  is  cheaper,  but,  owing  tn  iu 
being  lighter  tlian  water,  cannot  he  so  well  protected  frnm 
eTapomtion  and  consequent  danger  of  lire  and  of  explosion  when 
a  mixture  of  its  mftpour  and  air  is  ignite<l ;  moreover,  its  solvent 
aetfton  is  less  rapid.  The  former  solvent  is  nutre  generally  used 
in  Europe,  the  latter  in  America.  Grills  i&  Schrc^er  hjiTe 
patented  the  use  of  liqtt^fied  sulphur  dxaockle  at  30'  to  W  C 
under  a  preasare  of  aome  six  atmospheres  as  a  solvent  fkvr  oil» 
fiMrextncOcm  poipons  (Patent  No.  1S*,948,  Dec.  11,  1S89);  anJ 
Lever  k  Scott  have  similarlj  patentee!  the  use  of  atrhm  Mra^ 
M/oriV/i*,  which  is  said  to  vield  a  purer  product  than  carbon 
dLSulphide  (Patent  Xo.  i:?,988,  Nov.  26,  1889). 

Sxtraction  of  Grease  from  Engine  Waste,  to;.— The 
greasj  cotton  waste,  rags,  ^c,  that  accumulate  where  machinety 
is  largely  used  from  the  wiping  of  spindles  and  cleansing  of  metal 
work.  li-c.  and  similar  materials  are  sometimes  treated  with 
solvents  for  the  purpose  of  recovering  the  oily  matter,  after 
which  the  material  is  more  or  less  cleansed  by  Ixiiling  witk 
alkalie-Sv  iL*c,,  and  washing,  so  as  either  to  lje  capabl«^  nf  u^e  r»vcr 
again  or  to  be  suitable  for  paper  making.  The  plant  used  for  this 
purpose  differs  little  from  that  above  described.  An  oUI  lioiler 
or  some  similar  vessel  is  erected,  a  &lse  Vjottom  or  grating  sup- 
plied at  the  base^  and  suitable  manholes.  The  solvent  licjuid  is 
run  in  (from  the  base,  if  carbon  disulphide,  liea&use  that  litjoid 
becomes  lighter  by  dissolving  fatty  matters ;  from  tlie  lop,  if 
light  jietn>leum  spirit,  for  the  oppc»«ile  reason),  so  as  to  percolate 
through  the  greasy  nigs,  *fcc.,  the  is«^^»lution  obtained  being  di^Htilleil 
so  as  to  recover  the  solvent  and  separate  the  grease.  Owing  to 
the  prevalent  use  of  hydrocarlxins  in  pi-epiiring  lubricating  oils, 
the  grease  thus  obtained  is  I'arely  available  for  soap  making, 
except  when  largely  admixed  with  other  fatty  materials. 

Fig.  G5  represents  an  armngemeut  used  in  Lfmeashire  forthi> 
purpose  of  cleansing  engine  waste,  and  recovering  greitse  there- 
from. It  consists  of  a  vessel  of  boiler  plate,  alx>ut  9  feet  high 
;ind  6  diameter,  with  a  grating,  F,  forming  a  false  botttmi,  ana  s 
gooseneck  leading  to  a  worm  condenser,  C ;  G  is  a  pipe  supplying 
st-eam,  and  E  a  c^ick  fur  withdrawing  grease.  The  grating,  F,  is 
fixed  about  2  feet  above  tlie  Ixittom,  and  consists  of  a  disc  of 
J-inch  hoiler  plate  pierced  with  numerous  slightly  conical  hole»» 
li  inch  diameter  on  the  upper  side,  1  inch  diameter  on  the 
under  side.  Some  3  tons  of  greasy  waste  are  shovelled  iB 
through  the  upper  manhole.  A,  Coaltar  i>en;6ene,  boiling  n«i 
higher  tluin  lOO""  C*,  or  l)enzoline  (light  |)etnjleuni  fhstillate) 
is  th(-ii  pumped  in  through  A,  and  |>ercolating  through  the  maw 
dissolves  out  grease,  accumulating  under  the  feilse  bottom.  A  ia 
then  closed  and  made  vapour  tight  with  lime  paste. 
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Steam   in  then  blown  in  through  the  pipe,  G  ;  the  viipours 

dved  at  first  iMjeonie  condensed  in  the  comparatively  cool  mass 

waste  above,  and  thiia  serve  to  wash  out  the  remaining  greasj 

tlation  adhering  thereto  \  by  and  bye  the  vapours  paws  over  into 

le  oondenBing  worm,  C,  made  of  2  to  3-inch   leaden  ur  iron 

aping,  arranged  so  m  to  fonii  10  to  12  ttirnt*  6  feet  in  diameter; 

plentiful  supply  of  cc»ld  water  m  admitted  at  the  l*a>*e  of  the 

istem  in  which  the  worm  is  set,  passing  oflF  by  an  overfiow  pipe 

at  the  top.     Finally,  when  all  volatile  matters  are  expelled  from 

the  still,  antl  nothing  liut  water  ia  condenned  in  the  worm^  the 

steam   is  shut  off,  and   the  waste  extnicted  through  the  lower 

ibole,  B.     To  complete  the  cleansing  it  in  iwiied  in  a  kier 

ith  Hoda,  washed  plentifully  with  water  in  a  dash  wheel,  noiiked 

in  dilate  hydrochloric  acitl  to  dissolve  out  oxide  of  iron,  again 
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Fig.  C>,'. 

>raiihed  in  the  dash-wheel,  ilrainetl  in  a  centrifugal  machine,  and 

nug  ui»  to  dry-     From  TiQ  to  60  per  cent,  of  cleatised  wtiste  is 

iiually  thus  obtained  from  the  greasy  niw  material. 

The  recovered  benzene  runs  along  with  the  condensed  water 

4hniugh    D  to  a  covered    cistern   (conveniently   an   old  l>s>iler), 

here  the  two  separate  by  grfivitation ;  the  lighter  hydn>earljon 

pamf>ed  up  again  into  tlie  extraction  vessel  for  a  new  charge, 

hibt  the  water  is  runaway  from  time  U>  time  as  it  accumulates, 

y  meanjj  of  a  cock  at  the  botti>m  of  the  cistern.    The  grease  thus 

ered  is  generally  tt>o  impure  to  he  used  directly  for  anything 

Ijut  cart  grease  or  other  coarse  lulirieating  purposes.     By  distil* 

lat  ion    with    superheated    steam,   it    may   l>e    pvrtially    puriAed 

d  rendered  serviceahle  fur  various  other  purposes, 

Souiewhat  similar  methods  are   in   use  for  the  extraction  of 

wo<»lfat "  fn>m  raw  wool  (vid^  Chap,  mk^  lanolin). 

Determination  of  Fat  in  Seeds^  Ac. — When  it  is  required 

determine    analytically    the  amount  of    oleaginous    matter 
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present  in  a  solitl  subetAiice  chiefly  oontaming 
Rtituents  (f.//.,  cnisbecl  seedni  ar  oilcake,  the  remdlie  lift  di 
evaporating  milk  or  cream,  and  such  like  materials),  the  poooK 
adopted  is  substantially  an  appliaition  on  the  small  scale  of  t2ie 
genenil  principles  invulve<l  in  the  large-scale  extraction  tnetlioili 
above  descril>ed.  'WTien  the  fatty  matter  predominates,  th« 
weighed  portion  of  substance  is  stirre<l  up  with  ether,  chlorofbnn, 
Light  petroleum  spirit,  carl)on  disulphide,  or  other  conTenient 
solvent^  and  the  whole  pcmretl  into  a  weighed  paper  filter,  tlie 
undissolved  matters  l>eing  thoroughly  washed  out,  and  examined 
as  found  requisite  after  drying  and  weighing  (p,  123).  When, 
however,  the  fatty  constituents  are  in  the  minority,  the  proooB 
is  slightly  nnxlified :  the  coarsely  powdered  materiaJ  is  placed 
inside  a  piece  of  glass  tubing,  the  loM^er  part  of  wludi  is 
constricted  and  bl"H."ked  with  cotton  wool,  glass  woc»l,  or  asbestos 
fibres,  itc,  so  as  to  form  a  strainer ;  the  solvent  is  poure*!  info 
the  tulje,  percolates  slowly  through  the  pulverised  material,  and 
passes  out  at  the  Inwer  end  (filtered  clear  by  the  cotton  wool) 
into  a  vessel  placed  to  receive  it,  the  dissolved  fatty  matters 
being  obtained  in  weighiible  form  by  evaporating  off  the  solvent 
Solution  of  fatty  matter  takes  place  more  I'apidly  under  such 
circumstances  if  the  solvent  be  warm;  to  elfect  this,  as  well  as 
to  economise    labour  and  solvent,   various  devices   are   in  use, 

essentially  modifications  of  the 
ari'jingement  described  by  Soxhlet, 
rtntl  genenilly  known  as  "Soxhlet's 
tube/^  Fig.  t)G  represents  one  of 
the  earliest  forms,  and  Fig.  67  an 
improved  form,  less  fragile.  The 
substance  to  be  exhausted  is  placed 
in  the  wider  tube,  A  (Fig.  66),  the 

I  lower  part   of   which    is   stopped 
k\      with  a  loi7se  plug  of  cotton  wool, 

II  etc.,  tir  it  is  wrapped  in  filter  paper 
'.:  so  as  to  form  a  cylindrical  package, 
Ijj  titting  loosely  into  A.  No  con- 
nection subsists  between  the  inte- 
rior (if  B  and  A  except  through 
the  side  pipe,  C,  The  lower  end 
of  B  is  made  to  pass  through  a 
perforated  cork  into  a  weighed 
tlask  ;  the  upper  end  of  A  is 
similarly  connected  with  a  reflux 

Fig.  67.  condenser,  preferably  of  AJlihns 
fonn.  Fig.  68.  A  suit*Able  quan- 
tity of  solvent  being  placed  in  the  flask,  on  heating  tliist  (by 
a  water  bath,  ilx.)  the  liquid  is  vapourised,  and  passes  upwards 
through  B  and  C^to  the  condenser;  the  condensed  fluid  drops 


Fig.  66. 
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into  A  on  to  the  .substance  to  he  exhaustecl ;  when  the 
solution   accumulates  to  the  level,  A,  the  siphon,  D  D  D, 
to  act,  and  draws  ofFthe  fluid  into  tlie  ria«k.     After  some 
30  sjphoningB,  all  trace  of  fatty  iiiatter  is  disJ5olved  out ; 
disconnecting  the   flask,  and  evaporating  off  the  remaining 


Fig.  OS. 

solvent,  the  disKolved  oil  is  obtained.      In  thi.n  way  the  solution 

effected  by  means  of  Milvent  appreciably  warmed  by  contact 

rith  the  hot  vapour  in  the  upper  part  of  A,  whilst  the  operation 

on  automatically. 

Pigs.  69  and  70  represent  an  iuifintvcd  form  of 

'  Soxhlet  tube,  arranged  by  R.  Friildiof^  ;*  the  .sub- 

gtance  to  be  examined  is  placeil  in  the  vessel  A, 

fig*  69»  provided  with  an  internal   si])lnm  ;    this, 

rh«n    weighed,    is    pkced    inside    the    8oxlilefc 

i*oir,  Fig.  70,  ci>nnected  at  th*--  top  with  the 

er  end  of  the  reflex  c<in<lenser^  C,  and  at  the 

jttom,  />,  with  the  fla^^k  for  receiving  the  fatty 

^lution.       The    weight    of    suljstance    left    after 

removal  of  oil  can  thus  l>e  determined  by  simply 

re  weighing  A. 

Many  other  forms  of  extraction  apparatus  have 
I  been  devised  and  reooni  mended  by  various  experi- 
[lenters  for  the  quantitative  determination  r>f  but- 
fat  in  milk  residues,  and  such  like  purposes. 
Fig.  71  represents  a  convenient  arrangement  on  the  principle 
of  Soxhlet's  tube    for  the    laboratory   extraction   of  oleaginous 
&tter  from  somewhat  larger  quantities  of  mate  rial. 
Fig.  72  repre«ent«  a  modification  useful  for  extracting  unsapo- 
[fcifiable  matters  from  liquids — r\y,^  the  alcoholic  soap  solutiomi 
Fobtained  by  saponifying  oUh  with  alcrilmlic  potash.     The  liquid 
^13  placed  in  the  extraction  vessel^  A,  which  contains  a  number  of 
glass  l>ends ;  the  condensed  solvent  (light  petroleum  spirit)  drops 
into  the   funnel,   B,  rises  up  between   the    beads ^   wftsbing  out 
|#oliible  matters  from  the  liquid,  and  overflows  into  the  distilla- 
lon  ilask,  £,  down  the  side  tube^  /^f 

•  Ztiinrhrijl  far  auffacmuiU  C^wjiic,  18S0,  p.  242. 

tH(aig4b  Spit?.  Jourti.  So*\  Chnn,  IwL,  1891,  p.  1039;  from  ZttUcL  f, 
fng'w,  (Jhnm*f^  ISUI,  Ifl;  p.  iitJo, 


Fig.  69. 
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Some  kinds  of  seerLs  contain  a  notaljle  proportion  of  substanoe* 
soluble  in  ether,  i>ther  than  fatty  matters  —  ^,*/.,  pbytoRicrol 
(p.  17)  and  lecithin  (or  a  mixture  of  lecithins)  ;  the  latter,  «»• 


Fig.  7% 

taitun^'  phosphorus,  may  1^  estimated  hy  determining  the  quan- 
tity i»f  that  element  contJiined  in  the  ether  extract  (p,  lt24). 

*£he  foHowing  tcible  in  ahbreviatetl  from  a  lai^er  one  given  bj 
Schatller,*  representiii|*  the  usual  pn^portions  of  total  oily  or 
fatty  matter  yielded  by  seeds,  nuts,  ic,  of  various  kinds  on 
€»xtraction  by  solvents  : — 

*  rHitf>iftGhvn*f€n  dtf  FeiU  OtU  und  Wachtarfen,  18ttt>»  p.  U 
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CHAPTER  X. 

ANIMAL  FATTY  TISSUE  :  EXTRACTION  OF  OILS  AND 
FATS  THEREFROM. 

The  **  atlipose  tissue  "  (oirJinarily  known  as  '^  fat  ")  of  the  higher 

•  animals  varies  c<»nsideraf>ly  in  eun.siKt^^nt'e  in  diiferent  raaen,  but 
uniformly  consists  of  a  celliihir  or  honeytx>nil)-!ike  structure  of 
nitrogenouH  nuo-fjitty  matter,  tin?  int'er«tices  of  wliich  are  more 
or  less  lilleil  with  the  true  m>o-nitro;rfTmus  fatty  material; 
hence  mechanical  or  chemical  }>roces.ses  are  i-etjuisite  to  separate 
the  two,  just  as  in  the  case  of  veget*ible  oil-cont^iining  seeds,  6ic. 
In  some  cases  the  melting  point  of  the  animal  ftit  or  oil  is  so 

•  low  that  processeB  of  expression  are  applicable  at  the  ordinary 
temperature,  as  in  the  case  of  certain  lish  livers  (cod  liver  oil,  (It.)  ; 
either  the  fresh  organ  being  ustnl,  <ir  livers  that  have  Ix^en  stored 
until  partial  decomposition  has  set  in,  nH»re  t»r  le^s  rupturing  the 
oil  cells.  In  other  cases,  the  temperature  ret[uii'es  to  be  i-aised 
in  order  that  the  fatty  matter  may  become  sutfieiently  fluid  to 
ejcude,    as    in    the    "renderijig"    **£  tallow    and    lard;    for    thin 

I  purpose  the  adifKwe  tLssue  may  eitlier  be  Kulijected  alone  to 
Keat,  or  may  be  steamed  or  baleti  with  water  at  the  ordinary 
pressure  or  in  ihgesters,  or  may  Ije  treated  with  hot  or  cold 
solvents  for  the  fat,  or  with  sulwtaneeH  acting  chemically  on  the 
nitrogenous  matter  of  the  cell-walls,  ajid  thus  tending  Uj  liberate 
the  fat.     When  the  nitrogenous  matter  is  re<[uired  to  be  saved 

»in  a  solid  form  for  ma'aiire  making,  the  manufacture  of  dog- 
biscuit,  pig  feeding,  or  other  purposes  ficcorcUng  to  its  quality, 
the  first  method  may  be  employed,  c^ire  Ix^ing  taken  U>  prevent 
burning  by  overheating  if  free  fire  is  used  ;  or  the  fatty  tissue 
^■inuy  he  heated  in  a  closed  vessel  l>y  means  of  steam  and  a 
^Hninimum  of  water;  or  it  may  be  mincefl  hue  and  placed  on 
sloping  trays  in  a  chamber  heateil  by  steam,  so  that  the  fatty 
matter  gnt^Jually  runs  away  from  the  solid  nitrogenous  cellular 

•tissue.  Ifi  on  the  other  liarnl,  tlie  saving  of  the  nitrogenous 
matter  in  the  solid  form  is  <jf  m*  consequence,  the  comminuted 
fat  may  be  heated  for  some  time  with  water  in  a  digester  under 
4  or  5  atmospheres  pressure ;  by  this  means  a  considerable  pro- 
portion of  the  nitrogenous  tiiisue  is  gelatinised  and  disaolved  as  a 
sort  of  glue,  utilised  either  as  nuch  or  for  manure  making.  In 
ejttracting  fat  frrim  Ixmes  this  pr<>ees.s  is  generally  employed  ; 
on  the  other  hand,  when  the  canaries  of  slaughtered  liorses,  &c., 
are  treated,  long  continued  bi»iling  in  open  pans  under  ordinary 
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presaiEre  u  more  usually  ikdopt^  the  fat  being  skimmed  oE  from 
time  to  time  as  it  rises.  Sometimes  a  small  quantity  of  eicida,  or 
of  sulphuric  a^\d,  is  oclded  to  the  water  with  which  rough  hu 
are  boiled,  with  the  object  of  attacking  the  cell  walls,  and 
liberating  the  fetty  matter  more  rapidly.  A  certain  amount  of 
loss  by  aaponification  takes  place  when  soda  is  thus  used  (unle^ 
the  impure  soap  formed  is  collected  aud  utilised) ;  whilst  hydro- 
lysis of  glycerides  (p,  7)  is  apt  to  be  brought  about  by  the 
action  of  acid,  so  that  the  resulting  fat  eofi tains  free  fatty 
acids  interfering  with  its  use  for  certain  purp<»ses— *-./;.»  the 
manufacture  of  some  kinds  of  lubricantA.  In  the  Mege^Mouries 
prooess  for  preparing  oleomargarine  of  best  quality  {vi/i^j  Chap. 
XJV,),  a  sort,  of  artificial  digestion  of  the  nitrogenous  matter 
is  brought  afaoutf  choppe<l  »uet  being  wanned  with  miucetl 
sheep*3  stomadis  and  a  little  potassium  carlxinate,  so  fu$  to  pep 
tonise  the  albuminoids  of  the  tissue  and  liberate  the  £atty 
matter:  a  mucJi  purer  product  is  tiius  obtained,  owing  to  the 
€?ompanitiTely  low  temperature  employed  (about  45*  C.)  than  i* 
possible  -with  any  l)oiling  process. 

BenderiiLg  of  Fatty  Tissues  by  Dry  Fusion, — When  rou^h 
£ftts  from  the  ox,  sheep,  pig,  Jtc,  are  minced  line  and  gently 
heated,  the  melted  greiise  gradually  ruuH  away  from  the  solid 
cellular  tissue.  In  the  manufacture  of  butter  substitut«!S  <ol€0^ 
margarine)  finely  chopped  beef  suet  is  sometimes  thus  hasted  to 
a  temperature  only  just  sufficient  to  partially  fuse  the  fatty 
matter,  and  the  runnings  subsequently  treated  so  as  to  separate 
the  mass  into  a  solid  stearine,  antl  a  buttery  ma^s  largely  con- 
sisting  of  oleine.  Owing  to  the  low  temperatuit?  employed, 
50*  to  55"  C,  noxious  vapours  are  not  evolved  at  all  during  the 
process,  especially  as  none  but  tlie  freshest  fatty  matter  is  used, 
tiny  iidmixture  of  slightly  tainted  material  greatly  depreciating 
the  viilup  of  the  pnxiuct. 

When  higher  temperatures  (above  100"  C.)ttre  used,  tlie  r«»Uffh 
tats  Ijeiiig  heated  over  a  free  fire  with  continual  stirring,  the 
nioiHture  present  is  evajxirated,  and  the  nitrogenous  tissue 
gradually  dries  up  and  shrivels  :  the  oil  cells  are  thus  ruptured, 
and  the  melte<l  fat  e^t^pes.  The  heat  usually  causes  a  eon- 
sideral>le  amount  of  decomposition  of  the  tissue,  leading  to  the 
evolution  of  most  atrocious  smells,  esj»ecially  if  the  fatty  tissue  is 
stale,  tainteiK  or  partly  deconipjsed.  By  straining  oil*  the  meltetl 
fat,  and  pressing  the  residual  *'  greaves  ^'  or  **  cracklings,"  in  siich 
a  press  as  is  indimteil  by  Figs.  34,  3^<,  or  Si*  (i^p.  202,  205,  206\  the 
majority  of  the  fat  present  is  extracted  ;  if  the  cracklings  are  in- 
tended as  food  (for  dogs  or  pigs)  the  presence  of  a  little  residual 
fat  therein  is  an  improvenient  rather  than  otherwise;  if  required. 
a  further  amount  of  grease  can  be  extra^^ted  by  boiling  witii  dilute* 
sulphuric  acid,  or  heating  in  a  pressure  vessel,  so  as  partly  t«* 
^'elatinise  the  solid  animal  matter  and  liberate  the  remaining  &t. 
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An  improved  dry  heat  renderiDg  arrangement  ban  been 
_  ^tented  by  Merrywettther  d'  Sons,  in  wbicb  tbe  nmteri;il.s  to 
be  rendered  are  placed  in  a  steam  jacketterl  pan  into  tlie  jacket 
which  superheated  steam  is  passed,  s<»  that  the  danger  of 
*  buminj^ "  the  fat  is  greatly  lessened,  whilst  the  heat  can  be 
tiucli  more  easily  regalated  ;  {iccidents  from  fire  through  the  pan 
intents  suddenly  foaming  over  can  l)e  minimised,  Avhilst  fuel  is 
^^nomised,  and  the  wear  ami  tear  of  tbe  pan  lessened. 
The  lilubbers  of  the  whale,  seal,  dagong,  porpoise,  and  other 
Btacea,  and  tlie  livers  of  the  shark,  cod,  dogfish,  kulp,  and  other 
sh,  are  generally  alktweci  to  remain  in  baskets  or  other  perfor- 
%ied  vessels  at  the  ordinary  tempjc nature  for  8ome  time,  so  that  a 
St  running  of  purer  oil  may  fie  obtainetl  spontaneously;  later 
heat  h  applied  t*j  facilitate  tbe  extraction.  Formerly  *^boil- 
Bg  do^'n  *  whale  blubliej'  fur  train  oil  wfis  an  operation  per- 
grilled  on  the  whaling  vessel  shortly  after  tbe  capture  of  the 
al ;  at  the  piresent  day  the  blubber  is  more  frequently 
bratlght  ashore  (either  to  port  fir  to  fishing  stations  for  tbe  pur- 
pose) for  treatment.  A  certain  amount  of  oil  is  geneitally 
collected  by  the  simple  process  of  plficing  the?  cut  up  mass  in 
rackn,  from  which  the  oil  drip.s  grmlually  into  casks ;  later  on 
decomposition  conmiences,  and  the  oil  then  exuding  is  inferior  in 
quality.  Finally,  the  remaining  umaH  is  **  boiled "  — i..?.»  sub- 
jected to  dry  heat  to  extract  tbe  remaining  oil  In  some  cases 
Kret  ste^im  heating  (infra)  is  applied  at  first,  whereby  the  process 
Bs  much  shortened. 

In  order  to  mitigate  tbe  nuisance  arising  from  the  emanation 

^pf  foul  smelling  vapours  during  the  dry  process  for  rendering 

■pita,  ±c.y   various  contrivances  have   lieen    tried   from    time  to 

^feime,   such   as  passing   the  evolved   vapours   through  layers  of 

charcoal  or  through  scrubljers  containing  alkaline  or  acid  so!u- 

ion»,  ttc. ;  tbe  only  really  effective  method,  how  ever,  depends  on 

"be  destruction   by  combustitjn  of  the   malodorous   emanations, 

lie  fumes  and  vapours  evolved  l>eing  collected  by  a  hootl  or  pipe 

ad  matie  to  traverse  the  fireplace  of  one  of  the  works'  Iwilers ; 

otherwise  similarly  consumed.      Preferably  the   vessels  are 

aclosed  in  a  sort  of  casing,  so  that  the  vapjurs  evolved  are  led 

ikvray  by  meaui*  of  a  pipe  to  tbe  spot  where  tliey  are  consumed, 

indniught  l>eing  maintained  by  means  of  a  fan  (»r  steam  jet. 

Rendering  of  Fatty  Tissues  by  Heating  with  Water  or 

^ Steam   under   ordinary  Atmospheric    Pressure,— The  ex- 

ction  of  fatty  matter   froii*   adipose   ti.ssue  is   often  greatly 

"itated   by  mincing  the  tissue  fine,   or  crusliing  it  between 

i^  and  then  placing  it  in  a  pan  with  water,  the  teniperatun:' 

Pwhich  can  be  raised  as  required,  either  by  injecting  wet  steam, 

aploying  a  dry  ateaui  coil  or  steam  jacket,  or  by  means  of  free 

P,  *kc.     For  the  preparation  of  oleomargarine  a  process  of  this 

lescription  is  often  used  as  the  iirst  stage^  selected  fresh  fat  of 


248 


OILB,    FATS,    WAXES,    ETC. 


highest  (juality  being  chosen,  and  the  temperature  Ij^ing  kept 
low  as  pOHsible,  consistent  with  the  melting  out  of  the  uioi 
fusible  ttinstituenta  which  rise  t4j  the  top  and  are  skimmed  ol 
Latt-erly,  a  higher  temperature  is  used,  whereby  a  more  solid  &1 
(when  culd)  ih  obtained ;  and,  finally,  the  heat  is  raised  to   100' 
to  extract  the  last  p4>rtions  of  fatty  matter.     This,  however, 
rarely  compk^tely   eflected  unless  either  a  higher   temperatu 
(under  pressure)  ih  applied  so  as  largely  to  gelatinise  the  niti 
genous  tissue,  or  suljjliuric  acid  is  adde*l  so  as  to  break  up  the  fi 
cells  by  its  solvent  acti^di  on  the  nitrogenous  matter.     In  th< 
extract ii>n    of  fat    from    hones    boiiing  in    open   pans   for  som< 
twenty-four  hours   with  simple    water   is  often    employed,    thi 
bones  being  liroken  up  into  lumps  so  tm  to  exptise  the  fat  celi 
as  much  as  possible;  tlie  fat  is  skimmed  oif  im  it  rises,  and  th 
liquor  utilised  for  the  preparation  of  size;  a  hirger  yield  of  fai 
howe%'er,  is  obtained  when  high  pressure  vessels  are  employ* 
{vide  iitfra^  p.  Uol). 

Vanous  Hsh  oils  are  extracted  by  similar  processes ;  thus, 
the  preparation  of  t^od  liver  oil,  the  fresh  healthy  livers  are  first 
placed  in  open  l»arrels,  so  that  a  certain  proportion  of  oil 
spontaneously  exiules  ;  after  a  while  they  are  transferred  to 
metal  pans,  lieateil  gluepot  fashion  in  a  larger  external  hot 
water  vessel,  or  by  a  steam  jacket ;  here  a  further  separation  of 
oil  eiiaues,  of  second  quality.  Finally,  the  livers  are  boiled  with 
water,  when  a  still  lower  grade  sepiarates.  According  to  th 
temperature  emplityed  in  tbe  first  beating,  the  quality  of  th< 
second  running^!  vuries ;  when  40  to  50°  C'.  is  not  exceeded, 
much  finer  oil  is  olitained  than  when  75*  to  80"^  is  reached,  moi 
nearly  approximating  to  the  lirst  runnings  (**  cold  drawn  '  oi]), 
but  possessing  a  juore  marke<l  l>rowni8h  yellow  tinge.  Oil 
extnicte*l  by  boiling  with  water  is  usually  of  a  more  or  less  dee] 
brown  hue, 

Accortling  U\  P,  Miiller,  of  Christiania,*  the  fishy  unpleasant] 
flavour  of  cod  liver  fiil  is  largely  due  to  the  alisorption  of  oxygen 
during  its  extraction,  and  may  consequently  be  to  a  considerable 
extent  avoided  l)y  rendering  the  livers  in  vessels  from  which  all 
atraosplierie  air  is  excluded  by  melius  of  a  current  of  indiJTerent 
gas,  such  as  hydrogen  or  carbon  dioxide. 

Several  s])ecies  of  fish  of  the  herring  and  sardine  class  a: 
employed  in  thflTerent  countries  as  sources  of  oil,  the  simplest 
method  of  procedure  adopte*]  being  to  slice  anti  iniush  the  fish, 
and  p^-Hir  f)oiling  water  over  the  ma«s,  which  is  then  stored 
in  barrels,  itc,  for  some  time  ;  tlecom position  sets  in,  and  the  fat 
tissues  tecome  disintegrated,  so  that  the  oil  floats  up  and  is 
skimrned  off  at  intHr\ids.  A  more  systematic  method,  adopted 
in  the  case  <»f  meiduulen  oil  and  i>ther  fish  oils  extracted  by 
means  cf  m'xlerrnsed  afipliances,  consists  in  thoroughly  boiling 
*  Eo^-lish  patent.  No,  13,803,  1890* 
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»r  isteaming  the  fish  (whol*^  and  unbroken,  or  sliced  and  mashed), 
ftnd  then  subjecting  to  comparatively  gentle  pressure ;  the  first 
inings  thus  obtained  are  consideraljly  superior  to  the  second 
limde,  prepared  by  boiling  or  steaming  the  residue  a  second  time, 
pressing  again  with  stronger  pressure,  ami  at  a  higher 
^niperature;  the  screw  pros8  heated  by  steam,  shown  in  Fig.  38, 
205^  is  well  adapted  for  this  pri>cess.  The  ultimate  residue  is 
utilised  for  manure :  after  being  squeezed  as  dry  as  iwssible, 
Iireferably  by  hydraulic  pressure,  the  residual  solid  mass  in 
brt»ken  up  and  allowed  to  temient,  dried  snmewhat,  ground  and 
lifted,  and  finally  dried  further,  so  as  to  form  a  powder 
>tivenient  for  transpiort.  Large  qiiantitiea  of  fish  manure  are 
mm  prepiired  from  the  residues  of  the  extraction  of  oil  fri>m  the 
luerLbaden  ^'  or  "  porgie  '*  at  numerous  phicea  along  the  North 
EAnierican  Atlantic  coast. 

D'Arcet's  sulphuric  acid  process  for  rendering  tallow  consists  in 
melting  the  arlipcwe  tissue  with  from  one  fifth  t<»  half  its  weight 
[>f  water,  and  a  few  |>er  cents,  of  sulphuric  acid,  keeping  the 
entire  mass  boiling  until  the  separation  of  fat  is  <x>nipleted^  the 
lieat  being  applied  by  means  of  a  free  fire,  by  a  steam  jacket,  or 
'hy  directly  blowing  in  steam  ;  in  the  latter  case,  somewhat  leaf* 
water  is  originally  added,  with  a  proportionate  increase  in 
salphuric  acid  strength,  to  compensate  for  tiilution  by  condensa- 
tion of  steam*  When  this  method  is  adopted,  the  vessel  may  be 
sioiply  constructed  by  lining  a  cjisk  or  tank  with  sheet  lead  ; 
rbereas,  for  l>oiling  over  free  fire,  a  copper  vessel  must  be 
employed,  iron  being  t43o  readily  attjicked  by  the  iicid.  In 
"Gvrard's  pnxjesa  the  sulphuric  acid  is  replaced  by  caustic  soda ; 
he  evolution  of  fa*tid  smells  is  therel>y  lessened,  but  Joss  is  apt 
i>  l)e  occasioned  through  the  formation  of  soap  by  the  action  of 
the  soda  on  the  fat. 

When  iHiugh  fats  are  rendered  in  a  soa]>ery  for  use  therein,  a 

limple  methml  of  piTK*e<liire  is  to  place  the  tissues  to  be  treated 

Jn  one  of  the  soap  '^kettles'*  or  "coppers"  (Chap,  xix,)^  and  blow 

I  wet  steam  through  the  mass  ;  a  large  proportion  of  the  fatty 

tmAtter  is  then  melted  down,  and  is  removed  by  skimming.     To 

|f*xtnict  the  remainder,  weak  alkaline  leys  from  other  openitions 

run  in,  and  the  whole  boiled  up  with  steam  so  na  to  convert 

fi«  fat  into  a  kind  of  impure  soap  solution,  which  is  run  off  and 

(irked  up  ahmg  with  other  inferior  material  in  the  manufacture 

i>f  lower  grades  of  scouring  soaps. 

When  partly  decomfujsed  tissues,  itc,  are  boiled  to  extract  fat, 

aiueh  the  same  kinds  of  noxious  smells  are  apt  to  be  evolved  as  in 

he  dry  process  (p.  247);  jicc«>rdingly,  when  it  is  essential  to  a\oid 

ttiisanee,  it  is  usual  to  lx)x  in  the  pans,  and  lead  the  evolved 

v*apours  U*  a  condensing  chamber  wliere  the  steam  is  condensed, 

the    remaining  air,  Jl'c,  being  drawn  off  to  the  main  chimney 

alk  of  the  works,  by  which  means  a  continuous  indraught  is 
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aet  up,  and  outwanl  leakage  of  nialrxiorous  "\'ap>ur8  avoided.  In 
the  case  of  putrid  materials,  the  mere  dilution  of  noxiouis  vapours 
with  the  chimney  gases  thus  brought  about  is  not  always 
«ufhcieTit>  and  destruction  of  smell  by  tire  must  lie  resorted  to  in 
order  Uj  avoid  nuisance  in  eertiiin  wituatinns,  such  03  crowded 
towns,  and  the  like. 

Bendering  under  Increased  Fressiire.  —  Of  all  processes 


for  obtabiing  fills  from  their  natural  animal  sources  tliia  one  h 
the  most  exterisively  used,  aw  tlie  higher  temperature  attaiued 
leails  to  the  more  complete  gelatiidsjitioii  ol'  nitrogenous  ti^taue* 
and  consetiueiitly  tt>  the  more  thorough  sejjanition  of  fat>  Fig.  73 
represents  a  digeater  employed  in  W'iltjon'h  pr<x?e8s  for  rendering 


RENDEllISG    UXDBK    PItESSURB. 


251 


l>w  and  lard ;  a  series  of  these  is  generally  worked  together, 
of  lO^OCMJ  or  15,000  gnllons  cafjacity,  or  even  niore.  In 
4rge  American  slaughterhouses  {^.f/-,  at  Chicago,  fSt.  Louis, 
incizmatif  *tc.),  each  digester  is  kept  fur  the  prtKiuctiori  of  one 
hid  of  fatty  matter  only^  the  atlipose  tissue  being  usually 
Krked  up  therein  within  a  few  minutes  after  slawghteri ng ; 
Kce  injury  through  use  of  stale  or  deconiixiHed  fatty  tinsue  i« 
voided,  and  extremely  uniform  gra<le8  of  lard  ami  tallow  ol> 
lined,  the  various  portinns  of  the  carcases  lieing  separately 
rmtCid  in  diHerent  vessels  accord ing  to  the  part  of  the  body 
mi^lojed.  The  lK>iler  is  provided  with  a  false  hot t^ mi  ;  a  dis- 
barging  oritice,  E,  ccivered  when  requir-ed  by  a  plate,  F,  raised 
r  lowered  as  i-equired  by  the  rod,  G,  passing  through  a  stuffing 
ox  ;  an  iitternai  steam  Cfjil  at  the  Imse  fed  with  steam  from  an 
rdinary  tioiler  by  the  pipe^  V,  and  steam  cix^k,  B  ;  and  a  aeries 
f  dr»w*off  ctx*ks  at  tlie  side,  U,  p^  /?,  p^  /i,  R,  A  safety  valve,  O, 
p^j  provided,  and  a  manliole  at  the  top,  K.  The  discharging 
P^e  being  closed  by  lowering  F,  the  fat  to  lie  rendered  is 
Pitroduce<l  thmugb  tfie  manhole,  K,  until  within  2  to  'Ji  feet  of 
be  toyi ;  the  manhole  being  closed  steam  in  admittetl  thnmgh 
h  c<ick,  B,  until  the  desired  pressure  is  obtained  {usually  3  to 
Btmospheres),  Much  water  ctmdenses  during  the  heating  up  ; 
r  requisite  this  is  drawn  off  fnnu  time  to  time  by  means  of  the 
Mrest  ct*ck,  U,  the  prugress  *>f  the  fusion  being  tested  and 
bolated  by  openiivg  the  tup  cock,  K,  so  as  to  see  whether  steam 
Hy-  esca[jes,  or  melted  fat.  After  ten  to  fifteen  hours  the  steam 
apply  is  shut  off*  and  the  excess  pressure  relieved  l>y  opening 
safety  Talve  ;  the  wliole  is  then  allowed  to  remain  at  rest 
lile  so  that  the  fatty  matter  and  water  may  separate^  when 
former  is  drawn  oiT  into  cixilers  through  the  side  cocks, 
fiP\lh  aiid  the  latter  through  the  lowest  cock,  \J.  The  aque- 
liquor  contains  much  nitrogenous  matter  in  solution  aud  is 
lisecl  for  m an u rial  purjxises.  The  lM>iler  is  finally  discharged 
EBolid  contents  by  raising  the  valve,  F;  the  matters  ejected  are 
_  lected  in  a  tub,  T,  and  if  mit  completely  freed  from  fat  are 
Earned  to  the  boiler  and  worked  over  again  with  the  next 
barge. 

Ex:traction  of  Fat  from  Bones, — ^^Before  bones  are  tresited 
or  the  prejwinitMm  of  manure,  animal  charcoal,  ttc,  the  fatty 
natters  contained  therein  are  usually  more  or  less  completel^^ 
cted  by  one  or  other  of  a  variety  of  processes  \  of  these  the 
pleat  oonsiflts  in  boiling  the  bones  (preferably  crushed  into 
fragments)  with  water  heated  by  a  steam  jet  or  otherwise; 
fatty  matters  are  thus  melted  out  and  tjbtaint?d  by  skimnnng 
they  rise  to  the  top  of  the  water  A  large  fraction  of  the 
[  fatty  matter  is  thun  left  behind  in  the  osseous  tissue  thivjugh 
plete  removal  ;  a  Isjtter  yield  is  obtained  when  tlie  heating 
ctjed  under  increased  pressure  in  a  digester,  the  steam  then 
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r,  tiie  nitro^mcMift  cell  wait  60ft- 

~   U>  m  greater  extent  th*a  » 

mamBto  frcilitate  the  escape  of  M; 

thm  bones  tims  treated  «re  reor 

ncBliB,  and,  iherelbre,  lefts  8iii1»bl« 

making;  on  the  other  banci, 

.,  cnitahle  for  glue   making  or  hr 

I  in  tlMB  vatery  Uqtior. 

useful  variety  cnn«i*tJ« 
I  hami  or  cylinder  some  B  feet  long  and 
3  §eH  6  inches  diameter^  slij^htfj 
tapeting  at  eaich  end,  and  fitted  with 
'to  which  inm  discs  c4H  be 
Mtod  (fig.  74).  The  tapper  pbtt«. 
li,  aenrea  as  Itd^  so  thnt  when  r^ 
moved  finesh  bones  can  l»e  ititnMluctd; 
the  lower  one,  c^  is  slightly  cunrd ; 
when  removed  the  Ijoiletl  hon<*H  ire 
diac^&rged.  A  charge  of  2  t<»  2  J  tuM 
of  crushed  bones  V)eing  introduced  the 
_  _  plates  are  bolted  on  steamtiglit.  the 

\  g  operation  being  £&cilitated  by  fahien* 

g\  #1  ing  the  plates  on  with  hinges  si»  tJiAt 

^^^^=»>-^^Afi  they  are  virtually  doors.     Steam  At 

^^™^^^^^  3|  to  i  atm<i«phere8  pressure  (56  to 

65  lbs.)  is  then  introduced  for  about 
three-quarters  of  an  hour ;  when  shot 
off  the  pressure  is  relieved,  and  tie 
whole  allowed  to  stand  for  half  an  hour,  when  the  condensed 
water  and  melted  fat  are  drawn  off  through  a  tap,  /,  in  the 
bottom  plate  or  door*  This  door  is  then  opened  and  the  ex- 
hausted bones  removed,  after  which  a  fresh  charge  is  intro- 
duced and  worked  off  as  before.  Even  when  operating  in  this 
way  a  certain  amount  of  fatty  matter  is  still  left  in  the  bonrs; 
ti>  avoid  thin,  in  some  Contineut^il  factori^  solvents  arc  used 
(carljon  disulphide,  benzene,  light  petnjleum  distillate^  itc ),  ihf 
mode  of  treatment  l»eing  very  much  the  same  as  that  iwlopted 
for  the  similar  extniction  of  grease  from  vegetable  marcs,  engin* 
waste,  *kc.  (inde  p.  236) ;  the  crushed  Ijones  being  placed  in  suit* 
able  vessels  into  wliich  the  solvent  is  run*  preferably  traver^lni; 
sevend  in  succession,  and  the  fatty  solution  being  subfiet^uentlr 
diHtilled  to  recover  the  solvent  am!  obtain  the  grease. 

Owing  to  the  peculiar  texture  of  Ixjne  iis  comjiaretl  with 
vpgetiible  seeds,  even  this  mode  of  treatment  does  not  pnxlac** 
a  perfect  solutii>n  anti  removal  of  all  the  fatty  matters  present; 
iti  urtier  to  obtain  a  larger  yield,  vairious  motlifications  of  the 
plant  have  been  intrtHluced,  whereby  the  solvents  are  uuade  to 
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»  on  tbe  crusbed  iMines  in  the  form  of  vajmur.     In  one  form  of 

pparatuft,  thin  in  elTectetl  ^nder  increjisec]  pressure  (after  pump- 

ng  out  all  atmospheric  air  from  the  vessel  emplriyed),  so  that  thr 

ivent  enters  thoroughly  into  the  pores  of  the  lioiie  fragments^ 

Qci  Ijeiiig  attracted  to  and  condensed  by  tbe  fatty  matters,  forms 

fluid    solution   of  fat   which    exudeji   and    runn  down   to  the 

bottom,  an*l   ii  subsequently  distilled  (BeltBani^a  procesa).      In 


jtber  form   tlie  crushed  bones  are  peniieuted  with  a  mixture 
8team  and  \'apour  of  solvt'ut,  wliicli  is  condensed  by  u  worm 
to  dnip  down  again  upon  the  bones  and  percolate  throu*?h 
to  a  false  Ij^ittom,   where  the  solvent  is  again  volatilised 
^v   a  steam  coih  the  whole  arrangement  being  not  unlike  that 
for  cleansing  engine   waste   (Fig.  05,  p.  237).     Fig.  75  re- 
en  ta  Leaner' 8  apparatus  arranged  on  this  principle  (Schiidler). 
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The  cninhed  bones  are  placed  in  A  above  the  peHbnl 
bottom,  B.  C  is  a  steam  pipe,  hy  means  of  which  the  booei  Hr 
Hteaoied  as  a  prelimimuy,  the  suryilus  steam  escaping  thniv^ 
the  exit  pipe  D.  After  steaming,  water  and  bensme  are  run  m 
from  the  reservoir,  F,  into  the  space  under  the  false  botttoo,  md 
heated  up  by  the  steam  coil,  F,  The  evolved  vapcnm  art  «»■ 
densed  in  the  worm^  K,  and  at  first  run  Itack  over  the  faoMi 
through  the  oock»  L,  the  vapour  fiassing  upwards  to  the  wann 
through  J,  and  the  condens^  licjuid  being  divided  into  i^eparatif 
streams  by  the  spreading  plate,  O.  After  8ome  time  the  oodt, 
G,  is  opened,  so  that  the  condensed  liquid  runs  into  the 
voir,  F,  instead  of  flowing  back  into  A.  When  all  the  «>1? 
lias  V»een  volatilised,  nothing  but  water  condenses  in  the  wo 
which  is  known  by  means  of  a  sampling  cock  attached  to  J; 
draw  off  cock,  E,  is  then  opened,  and  the  watery  gelatine  soli 
tion  and  oily  matter  run  off  into  a  suitiible  separating  receptacle 
A,  is  tlien  discharjc^ed  thnjugh  a  manhole  and  refilled,  and 
whole  operation  repeated. 

Another  method  of  operating  is  to  introduce  the  crushed  bai 
into  a  Hutliciently  strong  false-bottomed  vessel,  from  wUeh 
air  is  then  pumped.      Benzene,  carb«»n  disulphide,  or  otter  < 
venient  volatile  nolvent  is  then  ran  in  until  the  vessel  la  f 
whereby  the  solvent  tiiiid  is  driven  thonnighly  into  the  ]_ 
the  Ixjtie  tissues.    By  drawing  off  most  of  the  fluid  and  tlMtt  i^iifl 
exhausting,  the  wjlvent  is  to  a  great  extent  volatilised;  ifld  fcy 
readmitting  air  the  vapour  is  jigain  condensed  by  the  iaeteaBtd 
pressure  so  as  to  wash  out  the  fat  solution  fn:*m  the  bane  fr*l^_ 
meiits.    This  solution   runs  down  to  the  base  of  the  vessel,  i 
is  ultimately  tiistilled  by  working  the  air  pump,  leaving  thel 
whilst  the  vapour  of  the  solvent  pumped  out  is  condensed 
cooling  and  used  over  agtiin.* 


CHAPTER  XL 


REFINING  AND  BLEACHING  ANIMAL  AND  VEGETABLE 
OILS  AND  FATS.  WAXES,  &c, 


SUSPENDED   MATTEliti. 

Oils  and  fiits  as  obtained  l>y  many  of  the  processes  in  ordin 
use  contain  various  impurities  partly  in  suRpension,  jnurtly 
solution.       Of  these   tlie   most   objectionable   arc    the   gun 

•  For  further  detatlji  of  bmiefat  extmctini^  plant  t^lde  SchailliT^  Terhm 
Her  fctU  und  Ode^  2ud  Ktlitioii,  udite*!  Ky  l>ohniayn»  p.  S>J><,  tU  ff^/. 
for  Sett«atn*a  prouf^sa,  Joum,  i^oc,  Vhtm.  IniL^  1SH2,  p.  112. 
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mucilaginouB  or  albuminous  matters  wliich  generally  accfiiiipany 
expressed  oils  and  renderetl  tUtf^  to  n  greater  or  les8«n'  extent, 
because  unless  sfieediJy  remt»v€^d  they  are  apt  t-ij  undergo 
fermentative  or  putrefactive  changes,  wlueh  not  only  induce 
hydro  lysis  of  the  glyceride^  (p.  10)  l>ut  alsa  charge  the  oil  vtith 
iiialodorc*as  bye-products  of  decomposition,  ren<lering  the  oil 
** rancid,"  Substances  of  this  kind  are  usually  cbietly  in  suspeii- 
9ioQ  in  the  «»il ;  so  that  by  passing  the  freshly  expreswed  oU. 
tlimilKh  a  filterpress  (p,  '22H)t  a  considerable  jiruportiaii  i»f  the 
filMpended  matter  is  reiuovetl,  rendering  the  oil  in  many  cases 
sutiiciently  clear  and  free  from  \  isible  impnrities  to  lie  at  onoe 
saltiible.  Sometimes,  however,  the  suspended  matter  is  f»resettt 
in  a  form  where  filtration  alone  pr<xluees  only  an  insutticient 
iutiount  of  jmriticatioti,  and  where  even  prolonged  standing  does 
not  eflficiently  clarify  the  oil  by  subsidence ;  this  happens  more 
^eRpeclally  wiien  the  mucilaginous  uiatter  is  disKcminated  tbrciugh- 
Hmt  the  oil  in  a  sort  *>f  highly  diluted  jelly-like  condition,  sume- 
Trhat  analogous  to  colloidal  gelatine  ttr  thin  starch  paste,  where 
the  constituent  partich\s  are  mr*8tly  Un>  line  to  be  stoppe*l  by 
mefuis  «jf  ordinary  p»r<>us  liltering  media,  iir  to  gravitate  nipidly* 
In  such  cases  special  mechanical  <ir  chemical  treatmeiit  muRt 
be  reaorteti  Uj  in  *>ptler  t>o  coagulat-e  the  mucilaginous  matter: 
sametimeg  simply  heating  pnxiuces  this  effect,  the  aUmminou» 
substances  lieing  s^jlidifieit  and  coagulated  somewhat  like  white 
of  egg.  Tliis  is  conveniently  effected  by  bluwing  steiuii  through 
the  oil  by  means  of  a  fine  n>se  jet ;  th*^  condensation  of  walir 
facilitates  the  action  a^  the  coaguiatetl  albuminous  niatter  attracts- 
moisture  and  becomes  increased  in  bulk  ami  deposits  more  readily 
a«  a  flocculent  precipitate  on  standing.  The  a<  Id  it  ion  of  small 
«|uantities  of  various  chemicals  often  prtuluces  an  analogous  effect; 
thus  a  smaU  percentage  of  sulphuric  ficid,  or  of  concentrated  zinc 
chloride  solutitm  (sp,  gr.  1*80 1,  well  agitated  with  the  oil  causes 
st^mding  the  gnithial  *lep»sition  of  mucilage,  along  with  most 
the  acid,  the  rest  lieing  subsequently  rt^muved  liy  agitaticm 
Oils  c<mtaining  resinous  matter  (f^f/.,  cotton-seed 
1  aA  mucilage  are  prefenibly  refined  by  similar  treat- 
ment with  alkalies,  the  resin  being  thereby  disisolved  out  and 
removed  as  well  as  vegettible  mucus. 

The  purely  physical  action  exerted  by  particles  of  suspended 
matter  as  regards  attracting  the  colloidal  mucihige  often  serves 
to  remove  the  latter;  thus  chiy,  fuller's  earth,  sand^  particles  of 
oiloake,  ixiwdereil  charcoab  and  similar  matedala,  when  well 
agitat'etl  with  the  oil  or  melted  fat  to  be  treated,  tend  to  unite 
with  the  mucilage,  in  such  fitshion  that  by  allowing  the  whole  to 
HubMide,  or  by  filtering  it,  the  whole  of  the  suspended  matter  i& 
sim  u  1  tanf •  ous ly  separated,  * 

•In  many  ea«e«  a  %ery  Rttti»fiictory  desire©  of  purification  is  readily 
t!0bct€4l  by  h  mply  addiig  to  the  nmcilaginoiia  oil,  as  it  nms  from  the  preas^ 
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In  certain  case^  the  addittoo  of  dieiiiicmls  thml  emnlauie  wA 
i\w  nlhtimitious  matter  forming  precipitateB  aiuwer*  dw  mam 
]mr\MtHv  ;  thas  oaklmrk  infusion  and  other  fiaciBft  of  tftamii  hIb- 
tiuii,   when  well  agitated  with  the  oil  to  be  treatedl,  laaaM  1I0 

fitniii'tti* 111  ofint^jluhle  tanno-gelatiDous  matter  whidi 
on  Htiii  11  lin^  carrying  down  with  it  most  of  the  coUoidAl 
miitU'r.     VariouK  metallic  salts  (copper  sulpbale^y  _ 

pilule,  leiid  acetate,  ^c, )  are  Hometimeii  used  with  a  smtilar  object. 
A  prrtcfHH  of  thi»  kind  sometimes  used  for  cleaiisin^  rancad  talkiv 
in  to  1x>i1  up  with  h  nmall  quantity  of  soda  lej ;  the  mdlad 
fat  in  rt^nKiverl  frf»ni  the  .%riap  produced  bj  ladling  off^  and  tbas 
iMiilnel  uji  with  a  weak  i^olution  of  alum;  alter  aettlixig.  th« 
]»nrilir<l  tJiMnw  18  again  run  off  and  heated  by  it«*'lf  to  150' C 
unci   njuvarcln,   whereby  it   becomes  greatly  whitened  and  h»^ 

BiHBolYod  Matters. — ^Other  impurities  are  dissolved  in  the 
fjil^  and  ihv  tnitipletc  HCparaiiofi  of  these  is  in  many  cas^  imprac* 
titvihl(\  UrKinfms  matters  are  the  commonest  impurities  foood 
in  Hfihilinn;  these  are  generally  of  a  feebly  acid  character,  so  thit 
u^itjiliun  with  Hniall  proportions  of  alkaline  solution  removes  the 
liirg**r  jMirt  ur  evf^ii  the  whole  of  these.  For  this  purpK>66  sod», 
ixitoMli,  milk  of  lime,  and  caleined  magnesia  are  employed  in 
ihtlVrent  iiiHtanceK  ;  carlxinated  alkalies  and  alkaline  eartlLS 
{earlMinato  t>f  noila,  time,  itc.)  usually  act  only  imperfectly* 
When  tlio  prujH*rtion  of  resin  is  at  all  large  the  saponaoeoui 
cnmjxHiiKl  formed  Mometimes  separates  unly  with  difficulty  frod 
ttie  chunhed  t>)l;  agitation  with  saline  solutions  ( sulphate  of  Bodft, 
or  Cfnnmon  8ak»  Are,)  in  such  canes  generally  causes  the  mass  to 
He|>arat«^  int^l  three  layers  on  stitnding  :  the  lowest  one  a  watery 
Ihuil  n>ntniinng  ehietly  irmrganic  salts  in  solution  ;  the  upper- 
ntust,  ehirihed  oil  ;  intermediate ly^  a  more  or  less  frothy  spumou* 
nuusH  of  *'  fiM)t»/'  Fretjuently  this  contains  so  much  unaltered  nil 
incH^himirally  cntanghHl  as  to  he  a  highly  valuable  material  for 
«oiipmaking,  the  n^sinous  soap  alsi*  present  usually  not  interfering 
witli  thiN  application. 

Bonti^ni  cxtracltnl  by  boiling  processes  generally  retains  in 
mihi Hon  phosphate  of  lime  and  other  calcium  salts  to  an  extent 
gn'atlv  init'rfering  with  the  preparation  of  soap  from  this  mate- 
rial :  lH)iIing  with  dilute  sulphuric  or  hydrochloric  acid  convert*] 
the  lime  into  calcium  sulphata  or  chloride,  and  complete!; 
iH^niovcH  these  inorganic  tlissolved  impurities,  the  operation 
l>eing  very  simply  perfi*rme<l  by  placing  the  fat  in  a  tank  lined 

a  imnll  fpiuitity  of  eake  parings  ground  up  by  cdgestones  (p.  219),  and  then 
liastiug  the  wholu  throtish  a  tiHerpress ;  the  residue  left  in  the  filterproi 
U  rt'tiinii'd  to  the  kettle  and  worked  up  with  freab  cnLslied  seed,  Jtt 
%StiU  iH'ttt  r  ckirilication  amy  often  be  effected  by  heating  the  mixtnn  si 
tat  niivt  p^dtig^.  80  ji8  lo  c<K%giilate  albuminous  matter,  and  then 
throuiih  the  HIterpreia. 

•  ihl  7'rad€  /f«iM>ir,  Oct.  1884. 
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^vith  sheet  lead  along  with  a  sufficient  quantity  of  Li't^bly  diluted 
^-j^cid,  and  Uowiog  wet  9le<uii  tli rough  the  maa^  so  as  to  agitate  it 
^■tlioroughly*  Sulphuric  acid  has  the  advantage  of  cheapness  and 
^B|C  acting  less  on  the  lead  than  hydrochloric  acid ;  on  the  other 
^Hpilld  insoluble  calcium  sulphate  farms  and  in  deposited,  whereas 
^^Salcinm  chloritle,  being  reaclily  8f>lul)le,  does  not  separate  in  the 

solid  form, 
^^  Certain  oils  when  cliilled  deposit  the  Jess  retuliJy  fusible  con- 
^Wtitiients  as  **8tearines ''  (p.  110) :  on  subjecting  these  to  filtration 
^Hnd  pressure,  an  oleine  practically  free  from  suspended  albu- 
^Pminous  matters  generally  results,  any  such  impurities  being 
'•mostly  retained  along  with  tlie  stearine.  A  partial  separation 
€*f  stearine  by  allowing  to  stand  at  a  relatively  Ic^w  temperature, 
i  aooordingly  soinetimej*  resortefl  to  as  a  means  of  clarifying  and 
ing  oils,  more  eJ5pecially  the  more  expensive  edible  oils 
'sahid"  oils);  the  thickened  mass  being  filterpressed  whilst 
lilled,  or  on  the  small  scale  being  strained  through  rough  filters 
'  moss,  cotton  wool,  charcwd,  <tc.,  placed  between  the  perforated 
oms  of  two  lx)xes,  one  just  fitting  inside  the  other.  Oils 
have  been  thus  treated  are  sometimes  termed  **  winter  oils  " 
'X,e,y  oils  still  remaining  tluid  in  winter  ;  whilst  untreated  oils 
become  turbid  or  jwirtially  solidify  on  chilling  and  are  only 
r  in  warm  situations  are  designatetl  **  summer  oils/* 
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Bven  Jifter  as  complete  a  removal  iis  possible  of  suspended 

ilbttminous  and  mucilagjinous  matter  and  of  dissolved  resin,  moat 

ataral  oils  and  fats  contain  in  solution  small  quantities  of  non- 

^ponifiable  nonresinous  matters ;    in  some  cases  cholesterol  or 

17 


^ 


OILS,    FATS,    WAXES,   ETC, 


Atlie 

k of  Otis 


thereof  (isoeholesterol,   phjtost^rol.   Jkc)   hskve  been] 
&  present — ^.f/.,  in  olive  oil.     The  figures  quoted  on  J 
given  by   Allen  and  Thomson^  and  ^chidlerf  m 
itfttiTe  ones  in  vaxious  caaen. 
following  figures  were  jobtfiined  by  Thomson  and  Ballantanel 
coiuree  of  an  extended  examination  of  numerous  aamplei 


Xaa»  «r  cm. 

Ihervvokmgf  nt 

OUv6  oa  (13  kiodsK     , 
Contm  seed  oil  (enideU 

„   (rcliiie.i),      . 
Rape  oa  (CoUa,  5  kinds  1,     . 
AndiM  cil, .        .        *        .        . 
UMMd  Ml  (4  kinds),  . 

QMter«dl, 

Soallieni  sperm  oil,      . 
Arutic  sperm  oil  (bottl^o««), 
WbAle-oil  (pal©K. 
Scsl  oil  i4  kindi), 
OmI  oil  t3  kimUf, 

1-04  to  1-42 

112 

107 

'58  to     -70 

•54  to     *m 

1-06  to  1-28 

-30  to     -37 

37 '41 

3<J'32 

182 

•42  to      fil 

'87  to  1-87 

1H50 

In  the  analysis  of  soap  (Chap,  xxl),  as  the  unBaponiiiiible  wm 
slHnce.H  originally  contained  in  the  fatty  matters  employed  for 
the  nmst  part  pass  into  the  stwip  during  manufacture,  a  correction 
on  this  score  is  requisite  when  it  is  desired  to  determine  the 
mean  et]ui\'alent  of  the  fatty  acifls  present  (p.  172).  According  ta 
tlie  author's  experience  the  4miount  of  matters  of  unsa}K)nifiiibIc 
nature  thus  ctmtained  in  100  jxirt^  of  fatty  acids.  Ate,  sepamhlc 
fn^m  the  soap  by  means  of  a  mineral  acid  generally  lies  Ijetween 
'25  and  1*0  part»  averaging  near  to  o  to  -"S — {.*».,  in  the  case  of 
Jioaps  made  from  natural  oils  and  fats,  to  which  no  additiQtul 
unaaponlfiaUe  matters  have  been  intentionally  added.  When 
woolgrease  or  Yorkshire  grease  (Chap,  xii.)  has  been  used,  cither 
purposalj  aB  an  ingredient,  or  unwittingly  in  the  form  of  »n 
adulteration  of  taUow,  Jtc,  the  proportion  becomes  markedly 
increased ;  with  oleine  soaps  mude  from  distilled  oleine  a 
few  per  cents,  of  hydrocarbons  are  often  present,  formed  during 
the  distillation  of  the  fatty  acids,  smaller  quantities  being  often 
found  in  soaps  made  from  oleines  prepared  in  the  autocUTV 
without  distillation.  When  paraDin  oils  have  been  intermixed 
with  the  soap,  as  in  the  ease  of  rertain  kinds  of  laundry  soaps. 
the  percentage  of  unsaponitiable  matters  is  largely  increaaed 

*  Chemical  Kett^,  43,  267* 

t  Tt^kmUotjie  der  FtiU  nnd  Oete,  p.  61. 

ZJount,  Sor.  Chrm,  /uif.,  1891,  P*  233. 
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The  fatty  matters  extractocl  hy  srilvents  from  certain  legu- 
^^ninous  plant  seetls  (j>ea8,  lui)in3»  ic)  contain  relatively  cdnsider- 
^Kble  proportions  of  glycerDpliosphoric  choline  derivativeH  of  the 
^Biature  of  lecithin  (p,  121):  the  existence  of  small  tjuantities  of 
^HubstAnce^  of  this  class  in  oils  expressed  for  commercial  puqtoses 
is  extremely  probable,  hut  little  or  no  knowledge  is  extant  as  to 
how  far  this  is  the  case.  The  husk  of  the  seeds  of  Lupiitu^  luieu^ 
Ifields  to  ether  a  crystal  Usable  substance,  lupnvl^  analogous  to 
*  [>lesterDl,  but  derived  from  a  hydrcicarlxm  jjoorer  in  hydrogen 
\ride  p.  17) ;  whilst  the  seed  husks  of  Phuitfoins  mihjttrU  contain 
higher  homologue  of  phenol  {viz,  jthasol^  0|r,Ho|0)  together 
lurith  paraphytosterol  (p,  1(j)  ;  in  all  prol>ahiHty  sevenil  such 
ittbetances  akin  to  cholesterol  and  phyt^>sterol  are  contained  ia 
11  quantities  in  seed  oils. 


5ULPHURIC  ACID  PROCESS  FOR  REFINING  OILS,  «kc- 
(THENAR1>  PROCESS). 

In  etnployiiig  sulphuric  acid  aa  a  clarifying  agent  it  Ls  requiiiite 

that  no  large  excess  should  be  used  otherwise  a  charring  act  ion 

fis  apt  to  be  set  up  on  the  oil  itself,  darkening  its  colour  and 

iepreciating  its  value.    In  refining  linseed  oil  from  one-hundredth 

1  oue-tiftieth  part  (1  to  2  per  cent.)  of  acid*  is  thoroughly  inter* 

lixed  with  tlie  oiJ  in  an  eHicient  agitaU>r  at  a  temperature  jxot 

exceeding  40""  (alx*ut  104^  F.),  and  the  whole  allowed  to  rest  for 

:!4   hours.     60  to  70   per  cent,  of  warm   water  at  aUmt  60"  C. 

(140'  F.)  is  then  well  inteiinixed  and  the  whole  allovred  to  stand 

Jioe  days  ;  a  water}''  acid  liquid  .sep!i rates  at  the  l>ottom  with  a 

yer  of  flocculent  ''foot*?,'*  aliove  which  is  the  clarifie<l  oil,  which 

drawn  off  and  again  agitated  witli  warm  water  as  before  to 

ra«h  out  any  residual  suspendetl  acid  vesicles.     Another  metlnxl 

r*f  operating  (Cogau's  process)  is  to  use  I  per  cent,  of  acid  diluted 

i*ith  nx  much  more  of  water ;  this  is  well  int^nnixed,  and  after 

standing  some  hours  is  heated  up  to  100"*  C.  by  blowing  in  steam 

Ihrough  a  fine  rose  jet  at  the  Ixittom  of  a  copper  vessel.     This 

i.i»inperature  is  maintained   for  several   hours,   after  which  the 

k  hole  is  allowe<l  to  stand  at  rest  so  as  to  separate  the  watery 

dcid  and  foots  from  the  clear  oil.      In  order  to  draw  off  the  oil 

without  JLsturhing  the   water  and    foots,   a  conical    separating 

tessel  is  generally  enq^h»yed  with  taps  at  various  levels  so  that 

nil  clear  oil  above  a  given  level  can  l>e  drawnofi*  without  distturb- 

ig  that  lielow. 

liape  (colza)  and  linseed  oils  and  certain  fish  oils  are  tlu)se  most 
asually  refined  hy  the  acid  process.     Oils  intended  for  lubrication 

•  Hartley  recommends  that  the  acid  ahoiild  be  ililDted  with  water  before 
lining  with  the  oil,  so  m  not  to  contain  more  than  i^O  por  cent,  of  actnai 
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Are  OS  a  rule  the  least  suitable  for  frucL  treatment,  inaMtnawgH 
the  presence  of  free  fatty  acitU  (and  a  j'artiori  of  possible  tfSCMM 
cjf  mineral  acifls)  is  a  serious  objection  with  most  such  su^istancfM,  I 
comKsion  of  liearinp*  ami  shafts,  Jcc,  being  apt  t*»  be  tberebr  1 
occfvsirjiietl  Fur  oils  intended  for  burning  in  lamj>^  the  presence  1 
4jf  any  considerable  amount  of  free  fatty  acids  is  also  object ionahle  I 
as  tending  U:*  cause  charring  of  the  wick.  -  J 

E.  V.  Wagner  recommends  the  use  of  zinc  chloride  golution  ^-'f  1 
sp.  gn  1*85  instead  of  sulphuric  acid,  using  alxmt  1^  part«  perl 
100  of  oil.  Albuminous  impurities  are  eijualljr  destroyeJ  or  I 
coaji^ulated,  whilst  there  is  less  tianger  of  injurious  action  on  tlieJ 
oil  itHelf.  Hartley  Unds  that  a  strong  aolution  of  lOJUigvieie'l 
tsulphate  answers  well.  ^J 

ALKALINE  REFINING  PROCESSES.  ^^ 

As  already  stated,  processes  where  alkalies  are  used  aa  agents -J 
for  coagulatinia:  and   removing  mucus,  albuminoids,  <kc.,   haiTT  I 
several  advantiiges  over  the  acid  meth*xls,  notably  that  free  fatty  1 
ficifls  unci  resins  «are  also  removed*     The  <],uantity  and  strength  I 
of  the  alkaline  ley  employed  varies  with  the  nature  of  the  oil  to  J 
l>e   treated  ;    any  undue  excess  is  apt  to  lead  to  more  or  le^  I 
considerable  loss^  not  oidy  by  producing  more  sjafw-^ni  Heat  ion  bat 
also  boctiuse  the  extra  amount  of  sapoiiticeous  produet.s  ^ves  rise 
to  the  formation  of  more  foots  containing  clarifietl  oil  entangled 
therein.      The   requisite  ^[uantity   of  ley  and   the  oil   are   well 
agitated  together  l>y  any  suitti-lrjle  mechanica!   mixer  (either  in 
the  cold  or  heated  to  the  re<[uisite  temperature,  as  the  case  may 
require),  and  the  whole  then  allowed  to  settle;  a  heavier  watery 
fluid  with  soapy  fixit^  separates ;  this  is  drawn  off  and  the  proce^ 
repeateci  with  a  much  weaker  alkaline  solution,  and  suli$»ec|uently 
with   jjlain  water.     When  eonsiderable  quantities  of  resin  are 
prestmt,  as  iit  the  ease  of  cotton  seed  oil,  the  ley  may  conveniently 
!«>  «»f  sp.  gr.  106  up  to  riO;  in  such  cases  it  frequently  happens 
that  the  watery  layer  and   focrts  will   not  sepjirate  thoniughly 
from   the  oil  without   the  subsetiuent   juldition   of  a  little  salt 
tn*    In'ine,      To    avoid    the    formation    of    emulsions     Hageman 
employs    as    purifying    agent    soda    crystals    heateil    to    about 
^<0^  so  as  to  tVise  in  their  water  of  crystallisation  ;  after  inter- 
mixture by  atjitation  the  mass  sepanites  on  standing  inf4>  three 
sharply  detiiitHl  layers  i»f  purified  oil,  soapy  matters,  and  watery 
fluid  respectively,  but  without  any  notable  production  of  eaml* 
sioii. 

Sometimes  oils  are  rei|uircHi  to  lie  treated  that  have  beoonit 
inoi'e  or  less  rancid  by  keepnng,  owing  to  fermentative  cbao||;ei» 
atmospheric  oxitlation,  or  tither  oausee,  but  where  most  of  the 
mucilage,  *kc..  originally  present  has  been  already  removed.  In 
sucli  cases  thomugh  agitation  with  a  weak  solution  of  caustie 
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stxla,  or  a  somewhat  stn>nger  one  of  sotliutn  carbonate,  suffices 
to  remove  the  free  fatty  acids  of  low  molecular  weigJit  (butyric, 
eaproic  iicids,  «te.)  that  are  present^  as  well  as  others,  if  alrt'iwJy 
formed  hy  hydrolysis;  and  to  disKolve  out  most,  if  nut  all  of  the 
rnalrxloroiis  rionacid  products  <>f  decoin|;w>sitioo,  ho  as  U)  sweeten 
the  oil*  Diluted  milk  of  lime  and  calcined  luagnesia  are  soine- 
timr^s  used  iii  a  similar  fjishion.  As  a  rule  oils  that  have  once 
become  rancid,  even  if  pretty  thoroughly  sweetened  hy  such 
refining,  are  more  apt  t^j  turn  rancid  again  on  keeping  than 
th  ones.  In  some  cases  agitation  with  w\iter  alone  without 
alkaJie^  suffices  to  wa«h  out  the  objectionable  tlecouijKtsition 
products  to  a  considerable  extent ;  thus  rank  butter  ts  greatly 
sweetened  l»y  simply  being  thomughly  worked  a1x>ut  and  washed 
water, 

Cokernut  oU  of  inferior  quality  may  Ix^  greatly  improved  by 
'>>oiling  up  with  about  j^^  of  its  weight  uf  suda  lye,  specific 
gravity  liJS,  for  half  an  houfj  skimming  frequently.  ♦Srime  4  or 
lbs,  of  salt  per  ton  <*f  oil  are  then  added,  and  the  boiling  con- 
llnueil  for  another  half  hour.  Aui^ther  equal  quantity  of  salt  is 
then  added »  and  the  whi*le  iKiiled  uji :  after  sUinding  till  next 
iin,y  the  cleansed  oil  is  run  oil  from  the  brine  and  fo<>ts  Lhat  have 
Bubdded. 

Crude   s[jermaceti    is   generally    refnied    by    processes    partly 

1  vol  villi*    the    mechanical   expn^ssiou   of    fluid    oil,    somewhat 

"ter    the    fashion   of    stearuie   pressing    (p.    229)^   and    partly 

Jof  a  chemical   nature,  more  especially  lK>iling  up  with  a  small 

}iiantity  of  potash  Ic^y  ;  this  dissolves  out  free  fatty  acid  ft>rmed 

by  the  hydn*lysis  of  tlio  cetiu  or  otherwise,  and  saponities  moat 

<jf  the  resiflual  Huid  «>il,  this  l*eing  more  readily  acted  upon  by 

alkalies  than  cetyl   paUiiitate  itself      SinmltancouslY^  however, 

ame  of  the  latter  becomes  Siiponided,  and  in  consequence  the 

ota  contain   more  or   less  considerable  anumnts  of  putassium 

Umitate,  etc,  whilst  the  purl  lied  spermaceti  oont^iins  an   ad- 

1  ixtu  re  of  cetyl ic  alcohol  (p.  171). 

IJtiliBation  of  *' Foots."— The  foots  ol>t^Linetl  from  oils  con- 

Ining  consiflerable  rjuantities  of  resinous  miittin'  {f'.i/.,  cotton 

oil  foots)  are  sometimes  directly  worketl  up  int<j  soap  hy 

i«Tmixture  with   other    materials    in   the    suap   boiling   process. 

i\^hen  their  colour  or  nature  prevents  this  being  done,  they  are 

generally  acidified  so  as  U>  decompose  the  soaps  present ;    the 

lixture  of  fatty  and   resinous   acids  luid    more  or  less   unde- 

[imposed  glycerides  thus  obtained  is  usually  di.itilled  by  means 

"superheated  steam,  whereby  the  glycerides  present  are  hydro* 

jfsed ;   the  fatty  iicids  distil  over,  whilst  the  resinous  matters 

iiostly  remain  behind  as  a  pitchy  mass.     To  some  extent,  how- 

Bver,  the  materials  are  generally  bruken  up  by  the  heat  with  the 

'tinnatioii  of  high-boiling  hydrocarl>ons  and  water,  the  former  of 

rhich  p»*rtly  distil  with  the  fatty  acids ;  the  result  of  which  is 
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nctl  Cjni»ra  products  of  this  kini 
110)  win  aoi  wbulfy  disBolT^  in  alkaline  solutions  to  sonpe, 
nig  undissolved.  On  agitating  tin* 
Tolatile  s<.*lTent  (ether,  lienzoline,  kc) 
t  ^pyitllj  of  vaBapooifiable  mttlter  can  usually  be  diE(Hulve<i  out 
nbi^mt  to  die  amoimt  af  several  per  cent£».  uf  tbe 
cnplojML  The  aune  remarks  apply  n  fhrtiuri 
the  vnahgeiti  prahicts  obteined  irben  "Yorkshire  irre&se** 
['fCbapt  xii.)^  wiiol|^rai0»»  and  subOm-  materials  are  distilled  by 
t  of  8gperfc<s«ied  ateMP- 
TI10  ^fplwnceB  vaed  lor  such  distillation  with  superheated 
fisasKtiiiQy  copriBt  of  »  boiler  for  steam  raising  ;  a  super- 
-mheeiihj  iSbm  stauii  is  heated  considerably  above  the 
ilVf»  of  the  boUer,  ^^e&erally  oonsistiiig  of  a  e«>il  of  ircm 
ia  m  ilue  cir  some  uiatof^nu^  arrangement :  a 
A  into  which  the  material  to  lie  distilled  is  run,  the 
J  then  Mown  thrtmgh  it  in  numerous  iine  streams  Kv 
^  of  a  rose  jet  at  the  bottom,  or  a  coil  |)erfon&ted  with  small 
i  I  and  m  coodenaiii^  apparatus  in  which  the  evuh'ed  vapours 
the  steam  are  coodeoaed.  In  Chap,  xvj,  are  deBcrilied  tbr 
stB  employed  in  the  candle  material  mantifi&cture  for 
dialillatkm  of  &ttT  acids  and  glycerol  by  meaiis  uf  supr- 
8le«m  :  thu«e  tiaed  Ibr  the  distillation  of  foots,  recovered 
,  &C  do  not  fi^reatly  differ  therefrom, 
It  ollesi  bap^ieus  that  the  solidity  of  a  grease,  <l'c.,  is  greatly 
mcreased  by  the  process  of  distilhition  ^4th  superhe^itcHl  steauj, 
80  that  a  comparatively  soft  grease  after  distillation  gives  a 
product  of  much  stiller  consistence^  and  capable  of  yielding 
a  oOBoderable  amount  of  set] id  ^stearine"  by  pressure.  The 
canss  of  this  is  not  absolutely  certain :  but  it  is  extremely 
probable  that  it  is  due  to  the  conversion  of  oleic  acid  intn 
iaomerides  of  higher  melting  point,  isoleic  acid,  or  stearolactone, 
or  both  (p»  30) ;  just  as  these  protlucts  are  formed  by  the  action 
of  line  chloride  on  oleic  acid  ^p.  142),  or  during  the  deconi posit  inn 
of  ^lycerides  by  sulphuric  acid  and  their  sulxsequent  distillatiitn 
with  superheated  steam  in  the  "^"^  Wilson "  process  for  olitainiBg 
candle  material  (Chap,  rvi/) 

Precipitation  Ffooosbos.— In  some  few  cases  mucilaginous 
€»r  albuminous  matters  are  contained  in  v»ils  and  ^ts  not  readily 
removable  by  mechanical  means  alone,  sudi  as  subsidence  or 
hltratioUf  but  readily  ooagulable  by  means  of  certain  metallic 
compounds  or  substances  containing  tannin.  Thus  in  **  boiling*' 
linseed  oil  to  improve  its  drying  qualities  (Chap,  xiv.)  sulphate  of 
zinc^  acetate  of  lead,  sulphate  of  manganese,  and  other  •  " 
salts  are  sometimes  usetl  not  01  dy  ftir  the  purj^*c»se  of  fiu  . 
the   incipient    o^cidation    and    physical    alteration    3  -    Ui 

make  the  oil  dry  to  a  varnish  more  rapidly^  but  ri.  ►-.W 

to  combine  with,  and  remove  by  subsidence,  the  U&t  p.i 
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Je  mucilage,  &c.,  not  entirely  removed  by  previous  refiniri*^ 

IS.     Some  kincLi  of  fis!i  oils  are  aimilarlj  imprnved   by 

ona  agitation  with  oaklmrk  infu?^ioii  or  other  li<|Ui>rs  eoii- 

^teining  tannin,  conveniently  cffectofi  hy  blowing  ii  nipid  current 

of  steani  throuf^'h  the  whole :    *:fe latin  is  thus  precipittited  aii<l 

removed  by  deposition  on  standingj  any  excess  of  tannin  tiiken 

Tip  by  the  oil  being  subsequently  removed  by  iigitation  m  ith  lead 

,  solution  or  other  appropriate  inetallic  salt.      Copper  sulphat^j 

[»lution,   alone  or  mixed    with   brine,    wlien   Iboroufichly   inter- 

liated  i;i*ith  fish  oils,  may  often  be  used  effectively  for  rernovin«Tj 

f.gelatin,  *fcc,,  therefrom  by  precipitating  it  as  an  insulin ble  cxmi- 

potind. 

H.  Nordlinger  has  recently  patented  *  a  process  for  refining 
LTegettible  oils  and  precipitating^  mueila^im>ua  matter  consisting 
the  preparation  of  **  purilic^tion-oils  "  by  dissolving  in  from 
10  to  20  parts  of  oil  the  zinc,  ciidmium,  iron,  manganese,  lead  or 
copper  salts  of  the  liiglier  fatty  acids  {mctjdlic  scraps},  at  a 
I -temperature  of  about  150' C,  and  allowing  to  clarify  by  sub- 
fsidcnce.  From  5  to  10  per  cent,  of  the  metallic  soap  solution 
thus  preparetl  is  then  added  to  the  oil  to  lie  treated  and  the 
^^  whole  allowpd  to  stand  some  time,  when  precipitates  are  formed 
^Bby  the  interaction  on  one  another  of  the  mucilaginous  matter 
^Band  the  metallic  com  pounds  ;  tlie  el  ear  supernatant  purified  oil 
^H  Is  drawn  off  when  the  miction  is  complete. 

^  Hartley  and  Blenkinsop  have  patented  (No.  11629,  IS 90)  the 
use  for  refining  linseed  oil  of  a  solution  of  manganese  linuleate  in 
oil  of  turpentine  or  other  suitable  solvent :  1  jmrt  of  manganese 
I  salt  to  800  of  cul  sufhces.  If  much  mucilage  is  ]>resent  the  oil 
^His  previously  treated  with  suljihurie  acid  of  30  j^er  cent.  By 
^nblowing  a  current  of  air  or  oxygen  through  the  mass  at  a  teni- 
^^  ]^»erature  of  about  190' F.  (88^ C),  bleaching  is  readily  effecte^d, 
the  manganese  salt  acting  as  a  carrier  of  oxygen. 
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^^  The  colours  exhibited  by  cei-tain  oils  and  fats,  im  obtained  from 
^^rlheir  respective  sources »  arc  in  general  due  to  the  presence  of 
^Knatural  organic  colouring  matters  (xanthophyll,  erythrophyll, 
^■chlorophyll,  A'c.)  in  solutii>n  in  the  oil ;  in  some  cases  these  are 
^^ mostly  mechanically  carried  down  by  the  mucilaginous  matter 
present  during  clarification  by  subsidence,  ^tc,  mnre  especially 
^vhen  heat  is  also  applied  to  promote  the  coagulation  of  albu- 
linous  impurities,  and  ]>articularly  when  oak  bark  or  other 
ources  of  tannin  are  employed  as  precipitants  of  these*  liodies  ; 
some  instances  albumin  or  gelatin  is  purposely  added  along 
rith  tannin,  in  precipitate  the  colour.  Some  cohmring  matters 
%Te  removable  by  treatmejit  with  animal  charcoal  and  filtration 

•  Germao  T'atent,  No.  58959. 
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espcisuie  to  4  I 
vhikt  in  yet  i 

tlie  Iieaied  qU,] 

ffir  cbloriimtioiil 

powder  or  chioratel 

br   meuis  uf  I 

"  Wit^  hi^  j 

br  expQsore  to  i ' 

is  appUcaUile,  althou^ 

e  €jf  such  methods 

<^  ihm  atbe-  hand,  redoctng 

ackl«  juasver  better 

«Coik-»r.f  .,  tmaeed  oiL 

Bis  espedallj  talJow  akod  podm 

^keolotised  br  beatiiig  them 

liw  cirr  mass  (containitig  ot^! 

E^  raee  vith  fine  orifioes^ 

«£  air  babhica  rise  tbroagh  tbe  hot  iax. 

«ttbat€f  boiliii^  water  gpn'^ralh 

O    la  tW  cBBe  Md  pain  ml   as 

IS*  la  IJT  C,*  also  elects  tbe  d.  ^ 

of  air;  a   cniLaiiat 

^  ia  tfcfrfhj  dfeonposed  witb  evolu 

«f  ft«e  pilmHie  aod.     Many  Bs^  oils 

bgf  bloviiig  air  throogb  tbe  tnassi 
jaeketted  vessel ;  in  these  caset 
we  or  l&is  oxidjsetiy  increftsLug 
fj,   especiaUj    if   the    air-treatment    he 
qQs^  ChapL  xiT.)     In  Hartley  and 
IS  pgocesft  ijr  refining  liaseed  oil  {$9ipmi^  the  o:xidiisI  _ 
of  the  air  ia  inlanaifkd  by  adding  a  manganese  soAp 
whieb  acta  aa  a  earner  of  oiTfigefi. 

luteadflf  blowing  a  liream  of  air  through  tbe  oil  t«»  he  treatacL, 
Tealt  exposes  rapmed  or  linseed  oil»  kx^^  in  a  finely  dividKi; 
stream  to  air  at  a  tenpefatsre  of  about  liO*  F.  (71*  C),  in 
to  "^bri^ten' tbe  <uL 

W.  Milk  X  bleaches  and  ptirifi^  nondfying  fnl»  and  fats  hy 
means  of  a  mixture  of  bi>t  air  and  volatilised  sulphur  tnoxide, 
SO^  passed  into  a  ^*  mixer''  capable  of  withatauding  a  prr>5j.ure 
of  2  alanospheres.  The  sulphur  trioxide  acts  as  an  oxidising 
agent|  becoming  reduced  to  ^^ulphur  dioxide,  which  also  is^ 
effective,  especially  whilst  nascent. 

*  240^0.,  According  to  Pohl,  who  first  intro^luced  the  process. 
PdyL  Jotim.,  cxxxv.,  140. 
t  Eng.  Putent  Spec,  18,744,  iS9*Z 
t  Eng.  Patent  Spec,  lH/>24,  lbl*l. 
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I    Bichromate  Processes. — Tn  the  lileiichin^  of  raw  palm  oil 

pj  Watts'  bichromate  process,  the  oil  is  rendiTod  fpiite  fiuid  by 

Bleating  it  to  40"  to  50''  C,  ami  is   internvixed  with  1  to  I "25  per 

kent.   of  its   weight  of  |Mjtassium    ilirhromate   tlissolveil  in   hot 

■rater  (22  to  2H  lbs,  per  ton).     Strong  hvch-oolilnric  acid  solution 

■o  the  extent  of  2  to  2 '5  per  cent,  of  the  oil  is  then  run  in  with 

trigorous  agitation,  enouf^h  being  used  io  ensure  that  a  slight 

kxceAs  of  free  acid  shall  finally  be  present  in  addition  to  that 

beutralised  by  the  chromium  and  potassium.     The  reddish  oran/jje 

■B0  changes  rapidly,  tir-st  to  a  thirk  brown,  then  to  a  brownish 

IpMn,  and  finally  to  a  light  green,   the  operation  takin;]^  only  a 

few  minutes.     The    whole  is  then   heated   up   by  blowing  wet 

Kteani   through,  and  allowed  to  stand  at  rest  for  some  hoars  ;  the 

sapernAtant    bleached    oil    is    drawn    off  untl    used  directly    ibr 

floapmakitig,  ttc,  or  is  washed  by  agitation  with   hot  water,  an<l 

standing  to  remove  traces  of  chrome  iiipior.     The  **  green  b<[Uor'' 

resulting  from  the  operation  is  sometimes  worked  tip  to  recover 

the  chrome  by  adding  ruilk  of  lime  so  as  to  form  a  precipitate  of 

chromium  hydrate  mixed  with  bine;  this  is  washetl  and  drained, 

and  then  roasted,   whereby  oxygen    is   taken    up   and  calcium 

chromate  forraeil,  usetl  for  a  fresh  bateh    instead  of  pf>tiissiuni 

<lichroraate.      Wheji   there   are   (Htficulties  as  to   running  waste 

chrome    lic^uorii  away   into  wat*'r  courses,   *tcv,   this  method  of 

^generation    is    practically    iinperative ;    hut   unless   a  proper 

lount  of  scientific  skill  and  supF^rvisiim  is  exerciseil  (not  aKvays 

ikvailable  in  a  soaper)')^  the  oisi  i»f  labour  anrl  fu*^l,  A:c.,  is  apt  to 

aatarially  outweigh  the  vahieof  the  p<»tiissium  dichronnite  saved, 

except  when  the  price  of  this  salt  is  unusually  higli. 

Instead  of  hydrc^ehlorie  acid,  a  mixture  of  two  parts  sulphuric 
cid  and  three  c«mimon  salt  may  be  einpltiveil,  the  latter  lieing 
i?i34ilve<i  along  with  the  dichromate^  an<l  the  former  gratlually 
III  in  to  the  mass  after  having  been  dihited  with  al>imt  twice 
|ts  bulk  of  w*ater.     If  the  temperature  he  tf>o  high,  the  bleach- 
ing  Lh  not  always  successful,   a   brownish  '*  foxy  "  shade  being 
Jevehiped :    ttl>out   45^  to   50'  C.    may    be   taken  as    a    working 
timum  ;  the  projjortion  of  diehnmiate  used  nee^l  tirjt  exceed 
|28  lb.  to  the  Um  (Jq  part  ^  1*2'*  per  cent.)  m  skilled  haods. 

A  similar  nmde  of  treatment  is  available  with  many  other  oils, 
he  use  uf  hydrochloric  aei<l  t^i  generate  njiseent  chlorine  not 
tiBg  necessjiry  in  all  casi*s  ;  thus  with  various  fish  oils  a  few 
ounds  of  dichntmate  to  the  Urn,  with  about  half  as  much 
l^ulphuric  acid,  answer  l>e8t,  tlie  oxidation  beifvg  completed  l>y 
Jditig  a  small  proportion  of  nitric  acid  largely  diluted,  and 
>iliiig  up  with  steam.  In  other  instances,  treatment  with 
lichrtimate  improves  the  priiduct,  niit  so  much  by  simply  bleach- 
ig  a«  by  oxidising  and  reujoviog  the  small  quantities  of  malo- 
ioroua  substances  present  tliat  conutiunieate  a  futid  or  nincifi 
ioiir — e,ff,^  kitchen  gre^ise,  htu^se  grease,  Jtc, 


^ 
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Beeswax  is  frequently  bleached  Ijy  iKiilin^  with  a  weak  solu- 
tion 4*f  pf»tii8siu]ii  dichromate,  acidulatetl  w^th  sulphuric  iidd. 
The  pnnjuct  in  ajit  t4j  reta-in  chromium  compounds,  givinir  il  a, 
greenish  hue  ;  boiling  up  with  oxalic  acid  fitolution  appe^jns  to  be 
the  best  mode  of  dissolving  out  the  chrome  and  furnishing  a 
white  product.  Instead  of  **  chromic  liquor.'*  dilute  nitric  acicl 
is  sometimes  employed,  taking  care  not  to  use  too  much  or  of 
too  great  strength,  otherwise  more  or  less  considerable  loss  is 
apt  to  occur  through  oxidation  of  the  wax  itself. 

Wax  thus  bleached  by  oxidising  chemicals  is  generally  more 
crystalline  than  air  bleached  wax,  and  consequently  not  m* 
well  suited  for  tlie  manufacture  of  wax  candles.  According  Ui 
LeojMiUl  Field,*  whilst  the  solubility  in  alcohol  of  air  bleached 
wax  tlillern  but  little  fmuj  that  of  the  raw  wax,  that  of 
cheiiiically  bleached  wax  is  much  greater,  leading  to  the  idea 
that  fi^ee  fatty  acids  are  largely  forrae<l  during  the  blenching 
pn.K;eas,  giving  greater  cry s tall inity. 

Instead  of  pcitasyium  dichroinate,  manganese  dioxide  ha.s  been 
em] cloyed  fur  bletvching  oils,  e8|>ecially  pidm  oil;  the  powdered 
Hubntance  hUHpended  in  water  is  intermixed  with  the  oil  by 
vigonms  agitition,  and  hydrochloric  acid  adde*l  so  as  to  generate 
chlorine,  whilst  the  whole  is  heated  by  blowing  in  steam.  The 
only  tidvantage  of  the  process  seems  to  be  the  lessened  co«t, 
against  which  several  otliet"  inconveniences  must  be  set  off,  tht* 
action  being  lar  less  regular.  The  same  remark  applies  to  the 
process  formerly  nserl  to  some  extent  where  manganese  dioxitlv 
and  sulphuric  aei<l  were  employed. 

Chlorine  Processes. — Chlorine  evolved  from  substances  other 
than  ]n»t;LssJum  dichromate  and  hydrochioric  acid  is  sometimes 
employed  as  a  lileaehing  agent ;  thus  tallow  may  lx»  bleached  by 
lioiliTjg  it  on  a  sohiti*j]i  of  )>leaching  powder  or  potassium  chlorate 
til  which  liydrochloric  or  >4ulphuric  acid  is  added  ;  aliout  :2  to  2-3 
lbs.  of  chlorate  per  tt>n  usually  suihces.  In  all  such  processes, 
w^heji  the  fat  is  intended  for  soapmaking,  excess  (»f  chlorine  i« 
apt  to  produce  a  worse  rt^sult  than  none  at  all  so  far  aa  colour 
is  cnncerned  (leaving  deodorising  out  of  the  question)  ;  for  if  the 
fatty  glyceiidea  themselves  are  seusilily  attacked  by  the  chlorine 
after  the  colouring  jnatters  have  been  destroyed,  the  resulting 
acMip  is  apt  to  **  work  foxy'* — {.*%  either  to  become  brown  in  the 
pan  daring  boiling,  or  U*  flarken  in  colour  subsequently  when 
cut  uj>  into  bai*s.  tJo  the  other  hand,  the  unpleasant  odour  of 
nincid  Uillow  ami  grease  frt>m  taintpd  or  putrid  carcases,  taniiejy 
refuse,  and  suchlike  materials  is  apt  to  be  communicated  in  some 
degree  to  the  resulting  soa]>  uidess  the  grease  is  previously 
demlorised  by  chlorine,  tVc.  In  many  cases  a  great  improvement 
in  odour  may  be  brought  about  by  simply  blowing  steiuii  through 
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tke  melted  j^rease  lor  sonie  tiiiM%  the  volalile  cvil-sconted  matters 
Bnt  being  thus  larjjjely  L"Xf>e]ied, 

lith  rank  fish  oils  hxrger  prf»jKjrtioii8  *^(  bl<>achiji^f  fxiwder  are 
|tiisite  up  to  1  per  cent,  and  upwards,  with  lUi  equivalent 
luantity  of  sulphuric  acid  ;  the  bleaching  jiowder  is  made  Iniu 
milk  with  water  and  well  intermixed  with  the  ail,  which  is 
lightly  heatetl  by  lilowinjLC  in  a  little  steam  ;  the  acid  chluted 
rith  several  times  its  volume  of  water  is  then  run  in  with 
igoroua  agitiition.  Finally,  steam  is  blown  through  and  the 
rhole  allowed  to  rest  and  subside. 
Chlorine  bleivche.s  wax  reatUlVt  but  chloroaubstitutinn  products 
apt  t^  be  fonaieih  so  that  if  the  bleached  wax  is  used  for 
ting  tapers  or  candles,  hydrochloric  acid  vajmurs  are  evolved 
irlien  these  are  burnt,  causing  considei'Tible  annoyance.* 
Cotton  seed  oil  in  the  raw  state  contains  a  peculiar  colouring 
er  eapiable  of  l^eing  dissolved  out  along  wdth  resinous  matters 
itation  with  aqueiius  solutions  of  caustic  alkalies  (p.  260). 
fiometimeK  this  purification  is  only  partly  carried  tmt,  the 
sidaal  colouring  matter  l>eing  destroyed  by  boiling  with  a  dilute 
>lutiun  of  bleaching  powtler  ami  treatment  with  dihite  sul- 
•ic  acid.  The  oils  thus  more  or  less  cumpletely  refined  and 
lorised  by  chemicals  are,  as  a  rule,  only  used  for  soapiiiaking 
I  similar  technical  purposes;  whereas  those  conjj>letely  lednefl 
soda  alone  are  ust^l  as  edible  oils,  being  largely  used  for 
oking  pur|:K3ses,  and  to  a  great  extent  intermixed  with  olive 
other  higb-prieed  **  salad '' oils.  As  a  rule  each  oil  refiner 
his  own  paHicnlar  sj>ecial  methods  of  effecting  the  tinol 
ification  and  hnisli  of  such  superior  j>roducts,  wluch  aie  loc^ked 
Ipori  as  valuable  trade  secrets. 

Dark  colrmred  soaps  are  sometimes  bleached  more  or  less  com- 
f^letely  by  intermixing  with  the  hot  curd  freed  fnjin  ley,  a  s<;>lutton 
'♦'chloride  of  soda''  {bleaching  pjwder  nuule  into  a  cream  and 
ivted  with  enough  carbonate  or  silicate  of  soda  to  remove  all 
ime  from  solution).  This  may  l>e  effected  in  the  pan  itself,  hut 
l>est  done  by  crutching  the  li^fuid  into  the  soaj>  in  the  fj'anie 
|(A*  Watt):  the  prtin^i  pita  ted  c^irlxmat*^  or  silicate  of  linn*  neetl 
be  previously  remoxed.  If  made  from  coarse  rardv  *' g<xnls/' 
[le  Bfiap  will  be  largely  clef n lorised  by  the  process. 
Peroxide  of  Hydrogen  Process, — The  bleaching  action  of 
erojtide  of  bydrognn  on  certa,in  forms  of  organic  colouring 
utters  has  long  l>een  known  and  utilisetl  in  certain  cases  where 
\  cost  wivs  not  prohiljitive — f.iy.,  Ln  the  manufacture  of  various 


'The  important  cheiuicfil   discovery  that    **cloctropo£itive"  hyilrnt^en 
nolii  ha  t-epLiLc'ffd  in  orgiiniL-  €om]>oun!b  hy  lughly  "NdectronegJiti  ve"  chlorine 
T%   ^  '       diy  alierinp  the  cliiiracter  of  the  auhstunct?  alieotLtl  wns  Umt 

jiieDce  of  investigations  carried  out  hy  Gay  Lus^at'  in  order 

,.^    iiie  cause  of  this  occurrence  in  the  reception  rooms  of  th« 

aperor  Napoleon  1.,  where  wax  candles  were  largely  burnt. 
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Ligh-pricetl  toilet  fluids  for  convei'tiTig  tljirk  hair  into  substance* 
of  gcilden  hue,  <>r  even  bleaching  completely  white.  Not  with- 
stamlin^ij  iniproveineiits  whereby  the  cost  of  manufacture  of  per- 
oxifJe  itf  Iwirogen  is  greatly  reduced,  this  substance  Ls  still  too 
expensive  for  use  on  the  large  scale  for  low-priced  oils,  Jrc, 
although  ill  many  wises  it  is  well  fitted  for  the  purpose*  Drying 
oils  requiretl  for  artists'  varnishes  are  sometimes  bleached  by 
floating  them  in  a  thin  layer  on  the  suiface  i>f  hydrogen  peroxide 
dissolved  in  water,  the  wliole  l>eing  warmed  and  if  possible 
exposed  to  sunlight  t<»  fioilit^'ite  the  i»peration.  By  shaking 
repeatedly  in  a  clostNl  vessel  with  about  ,,'y  part  of  a  10  jwr  cell 
solution  of  peroxide  of  hydrogen  most  oils  can  Ije  rapidly 
bleached^  or  at  least  greatly  lightened  in  c<iloyr. 

Wax  Bleaching  by  Exposure  to  Air. — ^The  effect  of  light 
and  iiir  nn  beeswax  in  removing  the  natural  yellowisb  tinge  is 
utilised  thus:  The  wax  is  flrst  melted  and  Ujilerl  up  with  water 
acidulati^ii  with  a  small  (juantity  of  sulpluirie  acid  (about  1  part 
by  weight  t»f  oil  of  vitritil  per  lUOO  of  wax);  impurities  are  thuf* 
washed  out,  and  a  clear  bright  melted  wax  obtained.  This  is 
then  run  frtmi  a  sort  uf  cullender  pierced  with  htiles  on  to  a 
drum  half  immersed  in  a  tank  of  cold  water  ;  as  the  streams  of 
lluid  wax  come  in  ccmtact  with  the  ami  wet  snrtiLce  they  soliilify 
int-ij  thin  rihhuns  which  iire  scraped  uff  the  druT«  after  they  havo 
passeil  down  under  the  water  so  as  to  complete  their  soli<lifitNiti«>f>. 
Finaily,  the  ribbons  are  spread  out  in  thin  layers  on  canvas 
slieeting,  atul  placetl  in  the  open  air  so  as  U*  lie  exposerl  to  the 
sun  and  air.  After  a  time,  the  jMirtially  bteached  riblmns  are 
remelteil  and  again  east  into  riblMjns^  and  exposed  for  a  further 
periotl,  the  whole  <>]ter  ation  lasting  several  weeks  tUMN»rchng  to  the 
weather  and  the  nature  of  the  wax,  some  kinds  yielding  much 
more  rapidly  tn  atmosj>heric  oxidation  than  others.  L^sually 
only  the  outer  ]xirtinms  of  the  riblMUis  t>ecome  bleachetl,  tlie  jution 
not  penetrating  far  intfi  the  interior;  so  thnt  t4i  expose  the  whole 
i'ijually  to  light  and  moisture,  the  mass  i^equires  to  be  turned 
over  from  time  to  time  and  sprinkled  with  water;  obviouBly  the 
thinner  the  riltbons  are,  the  IwHter, 

In  the  purification  of  Japanese  wax  a  very  similar  process 
is  adopted  ;  the  crude  wax  as  cditained  from  the  dried  l>errifift 
of  the  Jiltus  su4^reditn^tfj  is  melted  and  strained,  dripping  into 
water  kept  agitattnl  so  that  it  solidifies  in  thin  flakes  ;  thes^ 
are  then  c^xpc^sed  to  sun  ami  air  in  trays,  Ix^ing  now  and  then 
sprinklefl  with  %vater  a  nil  turned  over  ;  the  vegetable  colouring 
rmitter  present  in  the  crude  wax  k  thus  remlily  blanche<l,  m 
almost  white  product  being  obtjiinetL  In  the  ease  of  some 
varieties  of  lieeswax  this  result  cannot  l>e  so  j^eadiJy  secured,  thf 
colour  Rometimes  not  yielding  at  all  readily  to  atmospheric 
influences.  Addition  of  a  small  »iuaiitity  of  fatty  matter  to 
beeswax  often  facilitates  the  bleaching  action  of  the  atniospbeit 
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Hfler  the  influence  of  sunlif;ht  ;  accord  in;;  to  some  aiHhorities 
quality  of  the  wax  is  nut  improved  thereby,  whilst  the 
sence  of  glyce rides  is  usually  reganled  as  proof  of  adulter- 
ion  ;  on  the  other  hand^  A,  6:  P.  Bui?iine  (ift/rn)  state  tiiat 
kv  addition  of  3  to  5  per  cent,  of  tallow  is  uiiivers^al  amongst 
eueh  airbleachers  in  order  to  pn^vent  the  prod  net  becoming 
tittle,  and  is  not  regarded  at  all  as  an  aduUerjitinn.  A  small 
Btitage  of  oil  of  turpentine  is  sometimes  used  instead  of  fatty 
er ;  the  vulatile  hydrocarbon  mostly  escapts  during  the 
by  exposure  to  air ;  btit  a  Hmall  i]Ufintity  bet;omes 
Kinised  by  oxidation  and  retained  by  the  wax  :  pniliably  this 
tidation  gives  rise  to  peroxide  of  hydrogen  in  minute  quantity 
^iiicli  assisU  the  bleaching  action, 

;>niiDg  to  A.  it  P.  liuisine*  the  chemical  bleaching  of 
rax  is  always  accompanied  by  an  increase  in  the  total 
bid  number,  and  a  diminution  in  the  iodine  number,  indicating 
direct  atldition  of  oxygen  to  the  unsaturated  acids  present; 
bus  the  following  figures  were  obtained  in  a  long  series  of 
iperiments : — 


Pure  yellow  wwtea,         .        .        .        , 
ire  airbleached  waxes, 
.irbleftcbed,  with  addition  uf  3  to  5  per 

cent,  of  tallow, 

[Aii^bleaehed  with  addition  of  5  per  cetit. 
spirit  of  turpentine  J     .... 
V       '     Miy  hydrogen  dioxide, 
\  d  by  permanganate, 

.^;.^t'd  by  bichromate,     . 


loHlne  Jibsorbwl 
bj  too  \tnrtn  of  wai. 


10-87  to  11-23 
6to  7 

6  to  7 

6-78 
6*26 

2*0+ to  5 '80 
1-08  to  7  M 


TotAl  Mid 
numbrr. 


91  to  95 

m  to  100 

105  to  lU 

100  4 

98  4 
92-210  103'3 
98-9  to  107-7 


(•On  the  other  hand,  decolorisation  by  means  of  animal  char- 

]  caused  no  marked  alteration  in  either  the  total  acid  number 

or  the  iodine  absorption. 

An  indirect  method  of  bleaching  by  means  of  air  is  sometimes 
crtised,  espescially  with  linseed  oil ;  the  oil  tr*  be  treated  is 
;itat€d  at  intervals  with  ferrous  sulpliate  solution  ■  this  has  a 
adency  to  y>eroxidise  by  absorption  of  oxygen  from  the  air, 
aiUt  the  resulting  ferric  ei>mpound  parts  with  oxy^^en  Ut  the 
louring  matter,  oxidising  tlie  latter  and  Idanehing  it,  whilst 
>ming  itself  again  reduced  to  the  ferrous  atate;  and  so  on 
itinuouslv* 
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I  extent  tritli  t 

die  great  bulk  I 
and  most 
f  prectpitatiofi 
dte>liiijj>  witb  sewajge  ;  tbus  lir  iiddiii|  ^ 
cf  Hilk  of  lm>e  to  tlie  liquors,  and  ffitnott^it^ 
*  flttlstioiL  cf  crude  alumimum  suit  ''^ 

;  cmde  pPBOfNlsltd  by  the  lime  nm 

**liike8»*'  whicb  ultimately  sul 
,  m  goitdble  iwUling'tMika,  CMTvin: 
vitii  them  ^vrioos  oUier  impmiliea  (albuminoid  nuttt^rs. 
acidi^  Jbc),  90  as  iuallj  to  yield  a  clear  almost  cDlourk^  efflu« 
eootaininj^  in  solution   only   non-preci  pi  table   matters  such 
alkaHne  «i]t«,  ic.     The  **  sludge  **  thus  resulting  is  nsually  of  W* 
little  value,  even  for  manure.     When,  however,  soap  suds  «bj- 
fttitute  a  sufficiently  large  proportion  of  the  waste  liquors,  it  k 
preferable  to  collect  and  treat  these  si^parateff/  so  as  to  reco^ 

"^  Altimlnoferrio    cake    coptatmog    somewhat    Inrge    Jiniomits    of  ir( 
c:hie(ly  obtained  from  the  mother  liijuors  of  |>urt'r  aiumiuiuiu  aul[ibiite  i 
by  trcatiDg  bauxite,  clay,  &c,,  with  sulpbonc  acid. 
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f?e,  the  slightly  acid  watery  li(|Uors  left  after  this  opera- 
tion being  either  run  away  directly^  or,  pref<^rahly,  atiniixed 
■with  the  coloured  wjuite  liquors,  atitl  the  whole  treated  tof^ether 
above  described  ;  a  little  more  lime  is  ref[iiisite  in  thin  case 
to  neutralise  the  free  acid  containetl  in  the  jfrea^^e  recovery 
liquors,  whicli  must  be  iU>ne  beture  the  alumina  can  be  effectively 
precipitiited  fnmi  the  sulphate.  The  precise  details  of  the 
iiiethjjd  of  working  necessarily  vary  iji  each  instance  ;  but  it  is 
within  the  author'i^  knowledge  that  pmcesses  substantially  of  the 
aracter  described  can  be  so  worked  as  to  answer  the  purpose  in 
8t  satisfactory  fashion,  e.s[.iecially  when  carefully  carried  <iut 
ider  pressure  of  an  impendinji^  injunction. 
Two  methofls  of  tinitating  soap  Ruds  are  thu8  applicable ;  in  one 
the  si>ap  is  made  to  react  upon  a  lime  compound  such  oh  thin  milk 
of  lime  or  solution  of  calcium  chloride  ho  as  tfi  f<irm  insoluble  Hrac 
ips  by  double  decomp<»sition;  these  are  collected  by  subsidence 
ad  filtration  (the  mcu'C  or  less  puritied  lir|u«>r  beiuji^  run  away), 
and  subsequently  decomposed  by  sulphuric  or  liytlruchh^ric  ficid 
so  lis  to  liberate  the  fatty  acids,  thus  obtrxining  a  mf»re  or  less 
imjmre  grease;  after  hot  pressing'  or  filtration  the  i^itty  acids 
iire  obtained  separate  from  the  soHd  matters  admixed  with 
them,  and  rnay  be  utilised  in  the  production  of  rougli  soap,  c^rt 
JLx.,  or  submitted  to  chstillation  \\ith  superb eat^*d  steam^ 
lin*?  to  their  nature  and  de«,a^e  of  impurity.  This  lime 
>ce8s  is  more  especially  appliciLble  to  compiiratively  dilute 
«fec.,  where  the  object  is  rather  to  ;^et  rid  in  sume  way  or 
of  a  dirty  waste  liquor  which,  from  the  circumstances  of  the 
c^ase,  muM  be  somewhat  purified  before  discharjLring,  than  to  work 
a  recovery  process  profitable  in  itself.  When,  however,  the  soap 
liquors  are  more  concentratefl,  the  other  meth*Ki  is  preferable, 
Cfjnsisting  of  simple  acidulation  of  the  suds  with  sulphuric*  or 
hydrochloric  acid  ;  the  fatty  acids  thus  liberated  wrmld  naturally 
float  up  as  a  sort  of  greasy  scum,  were  it  not  for  the  presence  of 
oth«^r  lieavier  suspended  matters  which,  in  most  cases,  and  more 
ially  with  wool  scourinpj  stmp  suds^  render  the  tut^l  preei- 
^-  (**  magma  ^'  or  **  coagulate ')  si»mewhat  lieavier  than  the 
watery  fluid,  causing  it  to  sink.  This  prricess  is  more  especially 
employed  in  the  recovery  of  '"  Wakefiehl  fat''  or  **  Yorkshire 
grease/'  which  essentially  consists  not  only  of  free  fatty  acida 
erived  from  soap,  but  also  fvf  wool  grease  contained  in  the  raw 
>l,  and  other  oleaginous  matters  used  in  the  spinning  and 
ftTtiig  proc*esses. 

In  the  English  woollen  industry,  the  method  of  cleansing  wool 
Btmlly  adopted  essentially  consists  in  scouring  with  soft  soap,  or 

f*  Chamber  acid  snflices,  or  ncid  from  the  Clover  tower,  rectifie<3  oil  of 
•iol  being  too  costly,  except  in  cas'e.H  where  the  leas  co«t  of  carriage  of  the 
iler  bolfe  outweighs  the  inereati^d  price  through  cost  of  further  concea- 
itioQ. 
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dtttfBcter;    during  the  further  pp 
^htB  wool   is  pot   before   it   i«i   Anally  ooit 


iaio  wv«  cMk,  aoap  ftnd  oil  are  tolerably  freely  used  in  ^ 
MMaa^  ttnid  "^ll'^g  of  the  fibre,  y^m,  iiiul  c1«4iL 
«Bdt  and  limikr  waste  liquors  produced  in  tbe» 
apcimtjoo^  are  collected  in  large  tanks  or  rej§enroim 
tervral  UicwHand  galkms,  and  acidulated  with  a  loinefAl 
BLIXT,  (bfovn  oil  of  vitriol) ;  after  a^tatiozi  fttti 
^  ^  for  aooe  hours,  a  fatty  **  magtna  "*  or 
«l  the  boKom  of  the  tank  ;  the  »upematAat 
nleffy  i«id  (vludi  should  be  slightly  arirf,  otherwise  the  wbofe 
of  the  soap  has  not  beea  decoaiposed)  is  then  run  ofi;  and  tht 
tank  mied  mp  with  freflh  snda  and  scidulated  as  Vjefore,  exeeptin^ 
Bwhaft  lonadd  is  now  requisite,  owing  to  the  sn  ' 
of  sods  treated,  the  tank  haviQg  been  partly  fillen 
and  wmtenr  flokl  (with  a  tank  6  feet  deep,  the  niaigiiia, 
te^  aansilT  ^lU  up  15  or  IS  inches).  The  proces:^  h  again 
naficaltid,  the  a^^ma  (known  locally  in  Yorkshire  as  ^^  sake ') 
hMng  nhlBttialj  thn^ivn  on  filter  bed^,  where  most  of  tbe 
tVHMUiing  watery  liquor  separates,  and  then  subjected  uj 
in  bagging ;  at  first  the  pressure  is  very  gently  appli^ 
to  sqveeae  onl  water  only,  but  subsequently  it  is  increased 
beat  applied  (hot  press)^  ao  as  to  filter  the  fused 
thioiigfa  the  haicgingy  furnishing  a  dark  sticky  grease,  and 
residual  ^""sudcake^'  available  as  manure.  This  grease  is  w] 
is  properly  called  *'  Yorkshire  grease ;''  hut  similar  recovei 
products  (**  Fuller's  grease")  obtained  by  treating  the  soap  »i 
produced  in  otlier  industries  where  scouring  with  soap  is  lai^f 
employed,  arp  sometimes  included  in  the  term  (cotton  industir* 
silk  manu&cture,  dyeing,  ikc)  Genuine  Yorkshii'e  grease  from 
wool  scouring  essentially  consists  of  the  free  fatty  acids  derived 
frofn  the  soap  used«  the  wool  grease  contained  in  the  wool, 
and  such  unsaponified  oil  and  mineral  hydrocarbon.s,  ii'c* 
may  have  been  used  in  the  spinning  and  wejiving  operatio! 
for  the  purpose  of  oiling  or  sizing  the  yam,  ^c;  whilst 
analogous  greases  from  other  sources  are  more  or  less  different 
as  regards  the  nature  of  the  substances  present  other  than 
fatty  acids. 

According  to  Lewkuwitsch,*  Yorkshire  grease  rarely,  if  ev< 
contains  unsuponifietl  glycerides,  any  glyceridic  oils  used  in  t 
spinning  proce^  becoming  saponified  during  the  after  processes 
of  washing,  Jtc. ;  so  that  the  e^ssential  organic  constituents  are- 
(1)  free  fatty  acids,  j^nartly  tie  rived  from  the  wool  grease,  bi 
chiefly  fix)io  the  soaps  used  in  washing ;  (2)  cholesten>l  aud|| 
isocholesterol  ethers,  and  sijuilar  derivatives  i»f  other  lii 
alcohols — fi*(f.i  cetylic  and  cprylie  alcohols ;  (3)  free  aUx)ht»l 
(cholesterol,  &c.),  either  naturally  contained  in  wool  grease,  of) 
♦  Joum.  Soc,  Chtm,  Ind.,  1892,  p.  134. 
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produced  (hiring  scnurifig  by  the  jwirtial  siiponification  of  their 
ainpouncl  ethers;  tjinti^'ether  with  hydrocarlKins  crjntiiined  in  the 
sils  used  for  greasing  during  spinning,  kc. 

Analysis  of  Yorkshire  G-rease, — The  free  acids  are  usually 

ietermined  by  titnitiun  iii  the  usual  way  (p.  116),  their  average 

molecular  weight  l>eing  assumed  to  l>e  some  constant  value ^<f.^,, 

oleic  acid  ;  inasmuclii  however,  as  they  uswally  contaiu  a 

liable  amount  of  acids  of  much  higher  molecular  weight,  derived 

►m  the  wof^l  grease,  this  mode  of  calculation  is  apt  to  give  too 

a  result.     In  order  tu  o!>tain  a  more  exact  valuation,  the 

lcc»holic  soap  solution  thu>i  formed  may  lie  diluted  with  water^ 

and  shaken  with  ether  or  light  petroleum  spirit,  so  i\s  to  dissolve 

QUt  all  other  constituents  (or  better,  evaporated  to  dryness  and 

hausted    with    ether    or,    preferably^    light    petroleum    spirit, 

K  II y,  as  tlie  ethereal  and  watery  fluids  are  apt  to  form  frothy 

ulsions,  not  readily  separating  inU>  two  liijuids)  ;  the  weight  f>f 

e  free  fiitty  acids   insolulile  in  winter  is   then  det.^^rnlined  by 

kcidulation,   itc,  as  in  Hehners  process  (p.   166  );  by  titrating 

hese  with  alkali,  and  subtnicting  the  ainoinYt  neutralised  from 

timt  neutralised  during  the  first  titration,  the  alkali  equivalent 

to  the  soluble  acids  may  l>e  deduced  {p.  168);  so  that  these  latter 

nutj  be  calculated,  asKuming  an  average  molecular  weight — «.^», 

"02  =  valeric  Hcid,  C^Hj,^0^,. 

The  sum  of  the  chtjlesten^l  ethers,  d^c,,  and  unsapomfiable 
latterK  is  obtained  by  weigh uig  the  ether  or  petroleum  spirit 
tract ;  when  only  an  appruximately  exact  result  is  required, 
may  be  got  by  diflerence,  subtracting  the  fatty  acids  found 
titration  (together  with  water,  mineral  matters,  kc.)  from  100 
infra  I  The  cliolesteml  ethers  saponify  only  with  great 
iculty  ;  the  liest  mode  of  procedure  is  to  heat  under  i>re8sure 
th  excess  of  double-normal  alcoholic  piitash  (in  a  tightly 
vessel  heated  to  100''):  in  this  wmy  a  measure  of  the 
iiouiit  of  comptmnd  ethei's  present  is  obtained,*  so  that  by 
in  OAituming  a  mean  molecular  weight  {e.g.^  that  of  cholesterol 
,  C\gHj., .  O  .  Cj^H.jr^O  =  638),  their  amount  may  be  calcu- 
A  preferable  method,  however,  is  to  separate  the  soaps 
us  formed  as  before  hy  means  of  ether,  ttc,  dissolving  out  the 
Jciihols  formed  by  saponification  (or  pre-existing  in  the  grease) 
and  hydroearboTis,  «fec.  ;  the  fatty  acids  cont^iined  in  the  soaps 
are  separated  and  weighed,  and  the  alcohols,  tie.,  obtained  by 
evap»ratiiig  oft*  the  solvent.  The  acetyl  test  (p.  186)  applied  to 
^Bthi)^  residue  allows  an  estimation  to  be  made  of  the  alcoholiform 
^Bconstituents,  again  assuming  a  mean  molecular  weight— ^.^.,  that 
^Bof  cholesterol,  Ca^H^^O  =  '^1%  whence  the  amount  of  hydrocarlxina 
^^present  is  known  by  difference. 

•  If  Btsbstances  analogous  to  stearolactone  (p,  170)  are  present,  or  organic 
anhydrides  {possibly  pre^nt  in  dUtUkd  grease),  alkali  is  also  Deutralised  by 
theni  dunog  this  operation. 

18 
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The  6^nre8  thus  obtained  will  then  come  oat  as  follows : 
Fust  Treathet^. 


I 


Free  fattj  auiik  insoluUe  iu  water  (H'eighed). 
,,        „      soluble  in  water  (calculated 
from  differeuoe  of  tLtratloD). 


B 

Compound  ctb«n«  alcohdt, 
and  bydrocarboss 
(weighed). 


Sbdoxd  Treatment  op  K 


I  Alcobols  <  pre-existing  and  farmed  by  a 

I  ficatiou)    and    bydrocarljons   (wei^eiiV 

,  The  fom^er  ciileulat^il  its  C2cU«4U  froB 

'  the  acetyl  test ;  the  latter  hy  sublnctii^ 

I  the  qnantity  thua  foimd  from  D* 


Fatty  aclda    cod  tamed    in 
ixnnpoimd  etbcrs 
(weighed). 


Since  water  is  t^iken  up  during  the  saponification  of  the  < 
]K>uiifl  ethersj  the  sum  oi  the  organic  eorihtituents  thus  reckoofti 
Hhould  exceed  ICK),  a«  in  the  jinrallel  case  of  soap  when  thr  toill 
idkali  and  fatty  adds  present  are  determined  (Chap,  xxi.) 

For    certain    purposes,    more    egjiecially    the    prepitniticm  «jf 
** lanolin "    or    similar   cholesterol    product*    of    more    or   \im 
purity,  the  piTiportion  of  ulcolnds  present   regulates    the   vmlli9 
nf  tlie    material    more    than   diK*s    the   amount   of   fatty  aridk. 
The  presence  of  hydp>carljons  (whether  intentionally  added  i* 
ingredients  in  the  oiling  process  during  spinning,  Ac,  or  due  to 
adulteration  of  the  oils  thus  used  with  petroleum  product*  ir 
rosin  oils,  or  fonned  during  distiilation  of  grease,  the  *^ 
thereliy  oblitined,  p.  27iK  being  used  for  wool-oiling)  consio.  . 
depreciates  the   value  o£  the    material    for   these   purposes:  in 
many  cases  the  presence  of  such  substances  in  the  extr«*"t  P 
obtidneil  as  alj*Ae  can  be  indicated,  and  the  amounts   i 
judged^  by  treatit^g  this  residue  wnth   alcohol   ur  glacial 
acid»   in  which   i^olvents   the   hydrocarbons  are   only  sj^u 
soluble. 

For  many  purposes  a  less  trouble.sorae  method  of  aujiiysit 
suffices;  thus  Lewkowitsch  {/(x*.  eit,  snjtra)  recommends  t}» 
following  prtK^esM  for  the  examination  of  Yorkshire  giieause:— 
Alxjut  5  grammes  are  titrated  with  alctihol  and  seminunnJi! 
alkidi  ;  another  ]K»rtion  is  similarly  titrated  by  boiling  with 
excess  of  alkali  {i.e.^  the  *'free  acid  number''  and  the  ** total 
acid  numbers"  are  determined):  the  difierence  lietween  thwr 
titrations  gi%es  a  measure  of  the  com[x>uml  ethers,  glycerides 
and  other  saponifiable  matters  present.  By  me&ns  of  other 
(preferably,  light  petroleum  spirit,  p.   119)  the  '^^  unsaponifiAhle 
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matters"  (alcohols,  hydrocarbons,  «fec.)  are  dissolved  out  and 
weighed,  whilst  the  "  insoluble  fatty  acids  "  and  "  volatile  "  acids 
are  determined  by  the  Hehner  and  Reichert-Meissl  processes 
(pp.  166,  174).  Thus  a  sample  of  Yorkshire  grease  yielded  the 
following  results : — 

Uiuaponifiable  matters  (weighed),  .        .        .        .     36*47  per  cent. 

Free    fatty    acids ;    insoluble    (weighed — Hehner 

number), 20*22        ,, 

Free  volatile  acids  (calculated  as  CfHioOs),    .        .       1'28        ,, 

Combined  fatty  acids  (calculated  from  difference  of 
titrations,  assuming  the  mean  molecular  weight 
=--327-5), 48-47 


106-44 


The  excess  of  6-44  per  cent,  thus  found  is  partly  due  to  the 
w»ter  taken  up  during  hydrolysis  of  the  compound  ethers  ;  j)ro- 
bably  also  the  assumed  mean  molecular  weight  of  the  combined 
fatty  acids  (327-5)  is  somewhat  too  high.  On  the  other  hand  the 
value  282  (oleic  acid)  would  be  too  low. 

In  the  determination  of  the  unsaponifiable  matters  present 
W.  Mansbridge  *  recommends  in  place  of  ether  the  use  of  light 
petroleum  spirit  (commercial  benzoline  redistilled,  collecting  the 
part  distilling  at  alx)ut  110^  F.  =  43"  C);  the  grease  is  saponified 
with  excess  of  alcoholic  potash  (under  pressure  if  requisite),  and 
the  product  decomposed  with  mineral  acid,  whereby  a  mixture  of 
free  fetty  acids  and  unsaponifiable  matters  is  obtained.  Of  this 
a  portion  suflScient  to  yield  about  0*5  gramme  of  un«iponifiable 
matter  is  dissolved  in  50  c.c.  of  methylated  spirit  saturated 
with  benzoline  distillate,  and  50  c.c.  of  that  distillate  added ;  tb(i 
whole  is  heated  just  to  boiling,  directly  neutralised  with  semi- 
normal  potash,  and  then  transferred  to  a  separating  funnel, 
where  the  hot  benzoline  solution  of  unsaponifial)le  matter,  and 
the  alcoholic  soap  solution,  separate  from  one  another  nipidly. 
The  alcoholic  soap  solution  is  run  off,  and  ;")0  c.c.  of  wat(?r  at 
100°  F.  (37'-8C.)  added,  and  the  whole  agitated  to  wash  out  any 
soap  dissolved  by  the  benzoline.  After  separating  by  stranding, 
the  watery  fluid  is  run  off,  and  replaced  by  40  c.c.  of  warm  70 
per  cent,  alcohol :  this  when  agitated  with  the  ])enzoline  removes 
the  last  traces  of  dissolved  soap.  The  alcoholic  soap  solution 
first  run  off  is  agitated  a  second  time  with  benzoline,  and  the 
Ijenzoline  solution  purified  as  before  :  for  some  kinds  of  jrrease 
more  than  two  such  extractions  are  requisite,  but  in  general  two 
suffice. 

The  percentage  of  unsaponifiable  matters  (including  choles- 
terol, itc,  produced  by  decomposition  of  cholesterol  ethers)  thus 
deduced  is  not  far  removed  from,  but  is  usually  somewhat  less 

•  C'um'c'Al  Sews,  27th  May,  1892. 
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tLED   GREASE. 

Thus,  the  higher  the  density,  tbe  greater  the  fK?rcentage  of 
msaponiliable  oil.  Such  gre^Lses  generally  melt  at  near  44'  C. ; 
Iboy  can  be  aaponitied  with  alkalies,  but  only  imperfectl}' ;  the 
Imhing  point  is  u.-mially  near  220"  C,  (p.  12H), 

distilled  Grease,  —  Yorkshire  grease  from  woiil,  anrl  aniLlo- 

50U.S  reeovered  greiunes  from  other  sources,  are  rarely  Hufiiciently 

free   frtmi   ixlonr  and  otherwise    of  general   good   eharacter,   to 

enable  them  to  b:*  directly  used  for  anything  but  the   coarsest 

[>urpt*8e.S' — e,(/,,    cart    grc^i^se,    and    siniilar    rough    lubricating 

ciiate rials,  such  as  that  retjuired  for  the  hot  axles  of  thi  plat« 

jlling  machines.     When  subjected  to  distillation  in  c^st  iron* 

tills  of  alxiut   1,0CH>  gallonR  capacity,  holding  about  4  tons  of 

B,  a  variety  of  products  are  olitained,  to  some  extent  varying 

the  quality  and  nature  of  the  grease.     The  stills  are  first 

lieated  for  10  to  16  htiurs  with  free  fire  to  drive  off  water,  and 

then  for  20  Ui  24  hours  more  with  superheated  steam,  iluring 

which   time  a  pale  yellow  product  comes  over,  known  us  **  first 

listitleH  grea8€%''  sometimes  precedetl  Ijy  a  lighter   ''spirit  oil," 

>uietimes  not.     After  the  *' tlrst  distilled  grease/'  *' green  oil" 

3mes  over,  sometimes  used  for  cimrse  lubricating  greases,  but 

nore  of^en  put  tiack  into  the  still  and  worked  over  along  with 

lie  next  Katt^-h.      Finally,  the  distillate  cmnes  over  as  a  thick  oil, 

rhen  the  operation  is  regarded  as  iiniahed  ;  the  fires  are  drawn, 

supprbeated  stefim  turne<l  off,  and  the  pitch  run  oiit  of  the 

KXi  parts  of  Yorkshire  grease  thus  treated  gave^ — 


Pilch,    . 

Green  oil, 

First  fliBtilled  grease, 

Spirit  oil, 

Water  and  loaa^ 


H'l  parts. 
45'5     ,, 
20*8    „ 


100-0 


:ie  pit<^h  thus  obtained  forms  a  useful  lubricant  for  the  necks  of 
It  rollers. 

The  ** first  distilled  grease"  is  sometimes  allowed  to  "seed^'  or 

rv«talHse  in  the  usual  way  (Ch>ip.  xvi,),  and  then  pressed  in  a 

kydraulic  press,  so  as  to  i»btain  a  licjuid  "  oleine "  and  a  solid 

^  st^arine ''  in  ahi.iut  the  relative  propt*rticms,  2  to  1  ;  the  oleine 

but    exudes    spontaneously   from   the   crystallised   cake    before 

9siog,  is  sometimes  collected  apart  and  designated  **No.  1  oil" 

the  srrease  is  distilled  a  second  time,  so  as  to  obtain  about 

I  •  Ciwt  iron  is  much  le«8  rapidly  corroded  by  the  fatty  acidi  than  wrought 

i5ron — ride  U-  H.  Hurst,  toe,  cit.  suitra. 
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acid,  inasmuch  as  the  free  acid  found  on  analysis,  when  cal- 
coli^ed  as  stearic  acid  and  added  to  the  other  constituents,  gives 
a  total  considerably  under  100  ( Hurst).  ^     Thus — 


Steftrhie. 

From  First  Distilled 
Grease. 

0-9044 

From  Second  DIaUUed 
Grease. 

Sp.  Gr.  at  IS^-S,  .... 
98 

0-9193 
0-836 

Water, 

Free  acid  calculated  as  stearic  acid, 

Unsaponifiable  oil, 

Neutral  oil 

1-48 
76-3 
0-4 

7-7 

0-6 
88-6 
0-49 
211 

85-88 

57'  (134°  F.) 
53-5  (128"  F.) 

91-80 

Melting  point,      .... 
Solidifying  point, 

48''(118'F.) 
45**  (113"  F.) 

The  oleine  simultaneously  obtained  is  pale  when  fresh,  but 
gradually  darkens,  probably  owing  to  the  presence  of  iron 
derived  from  the  press  or  the  tanks  in  which  it  is  stored.  It  is 
generally  known  in  the  district  of  production  as  "  wool  oil," 
because  it  is  chiefly  used  for  oiling  woollen  yarns,  tkc;  lubricating 
greases  and  soap  are  sometimes  prepared  from  it ;  but  for  the 
latter  purpose  it  is  not  at  all  well  suited  on  account  of  the  large 
proportion  of  unsaponifiable  matters.  It  varies  much  in  com- 
position, even  when  from  the  same  maker,  on  account  of  the 
varying  composition  of  the  Yorkshire  grease  originally  employed, 
the  neutral  oil  amounting  to  between  I)  and  28  per  cent.,  and  the 
unsaponifiable  oil  to  between  10  and  38,  whilst  the  free  acid 
(calculated  as  oleic  acid)  constitutes  53  to  65  per  cent.  The 
flashing  point  usually  lies  between  322*  F.  and  342"  F.  (Hurst). 

Eng^e  Waste  Grease  and  Fuller's  Grease. — The  grease 
recovered  from  greasy  engine  waste  (p.  236)  is  closely  akin  to 
that  obtained  from  soap  suds ;  but  owing  to  the  large  use  of 
hydrocarbons  as  ingredients  in  lubricating  oils  at  the  present 
day,  it  is  usually  much  less  valuable,  the  yield  of  solid  "stearine" 
l^ing  but  small,  and  the  "oleine"  containing  large  quantities 
of  unsaponifiable  hydrocarbons.  When  the  spindles,  &c.,  are 
lubricated  with  tolerably  pure  vegetable  oils  or  with  sperm 
oil,  <kc.,  a  much  better  form  of  grease  results;  but  this  is 
comparatively  rare. 

Grease  recovered  from  silk  soap  suds  and  soap  baths  from 
cotton  dyeing  works,  etc.,  mostly  consists  of  free  fatty  acids  with 

*  The  presence  of  stearolactone  (p.  170)  might  possibly  explain  the 
apparent  deficiency  in  free  acids. 


mc  iisi«  jromsmrndaaus  iitut  wmd  ii  cften  dean  enough  to  be 
aBL  dr-%n7  ijr  ^nwrniatrinc  lis  4wif  mimJ  Tmluadon  for  such 
7iir7«>tiir»  J*  .s>5xif>=iJ.7  -afibranc  Vv  Agg^ ■  »iiii«p  the  percentage  of 
v:i23s*  itTA'iii:  ;i.  Li:i .  mir  ic  sasaers  izdoiiible  in  alcohol  (un- 
•oD^'iLLiimiii*  3UiC3M^  .  «u;icninzi;r  ^aiC'  fxa  £K4n  100,  and  reckoniog 
"Utt  riifrr*ai»  br  L-^TiiIiu:ii»  aca*  AcaasL  Wben  too  dirtv  for  use 
JL  -r^n.  :m*  .-  ac^ifrs:  *iiio^  iOkra.  i.j"an€  is  either  direct Iv  utilised 
iir  JiiTT-i-ai — TT  TiiU-r-:u*  re  ii»*  r.CL£t>est  kind,  or  is  distilled 
'ry  nHso^    c  s^xattrtwar*!   *c-*!ljt.   A=fi  zhf  liistillate  pressed  for 
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§  5.  Classification  and  Uses  of  Fixed  Oils,  Fats, 
Waxes,  &c.;  Adulterations. 


CHAPTER  XIII, 
CLASSIFICATION. 


In  accordance  with  their  ordinary  physical  texture,  sources 
(whether  animal  or  vegetable),  and  essential  chemical  nature, 
the  fixed  oils,  fats,  butters,  and  waxes,  <fec.,  may  be  conveniently 
divided  into  twelve  classes,  falling  into  two  principal  divisions, 
according  as  the  main  components  are  of  glyceridic  or  non- 
glyceridic  nature. 

Division  I. — Essentially  Glyceridic. 
A.  Fluifl  at  Ordinary  Temperatures  : — 

1.  Xotirdrying  Oil^ — 

Vegetable — 

(1)  Olive  (almond)  class. 

(2)  Kape  (colza)  class. 

(3)  Hicinoleic  (castor)  class. 

Animal — 

(4)  Lard  oil  class. 

2.  Intermediate :  Drying  Qualities  possessed  to  a  limited 

extent : — 
Vegetable — 

(5)  Cotton  (sesam6)  class. 

Animal — 

(6)  Train,  fish,  and  liver  class. 

3.  Drying  OUs :  ujell  marked  Drying  Qualities : — 

Vegetable — 

(7)  Linseed  class. 
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B.  Solid  or  Semisolid  at  Ordinary  Temperaturu  .— 

Vegetahh — 

(8)  Palm  butter^  anrl  Japanese  wax  clafis. 

Animal — 

(9)  TuUow,  lard,  and  cow*s  butter  cks?. 

Division  IL — Essentially  Kon-Glyceridic 

A .  /'V  f  I  id  a  t  0  rd t  na  ry  Temj^era t  urea  : — 

Animal — 

(10)  Sperm  oil  class. 

B.  Solid  m' Semisolid  at  Ordlimry  TemperaturrM  :^ 

(11)  Camiiuljo  wax  class. 
Animal— 

(12)  Beeswax  and  sp>ermaceti  class. 


CLASS  L— OLIVE  (ALMONB)  CLASa 

A  large  number  of  oils  are  known  coiopletely  fluid  at  ordmnff 
tenifjeratures  and  nut  congealing  until  greatly  chillf^d,  e«)fistfltui|E 
diietly  of  olein  with  snialler  quan titles  of  inore  solid  glyceriid* 
(niyritnn,  patmitin,  Rtearin^  arachin,  itc),  and  in  some  cose^  sruall 
admixtures  of  crlycemlea  of  other  kind.s  ;  as  a  rule,  how<*^er, 
glycerides  of  the  "drying  oil''  diWsion  are  either  fthsenl 
altogether,  or  otily  present  in  very  small  quantitiejs,  so  Uiat  oiU 
of  this  class  are  pnxctically  tum-drifimi.  The  presence  of  tbf 
nther  constituents  raises  the  relative  density  somewhat  oXioTt 
that  of  pure  olein  (near  0^905  at  15  )^  usually  to  between  *H15 
.'trid  \^2\  ;  and  at  the  same  tim«*  tends  to  dimini^^h  the  icjdin« 
number  below  SGl'  per  cent.,  the  cjdculateil  value  for  f>ure  olein 
(p.  LHO),  excepting  in  those  c^ses  where  a  notable  luJuiixture 
of  less  saturated  glycerides  is  prcRent,  when  the  superior  iodine 
absorbijig  power  of  these  ingredients  iiliglitly  i-aines  the  value 
insteLid  of  lowering  it.  The  calculateil  saponiiication  equivalent 
of  pure  olein  is  i!94*7  (p.  l^'*^);  that  of  an  oil  of  this  kind 
generally  differs  but  Httk*  thereft'om,  being  a  little  higher  or  a 
little  lower,  accordirjg  as  the  other  constituents  have  mean 
eqirivalent  weights  ulK»ve  or  below  this  value.  The  proportion 
of  glyeerides  *>ther  than  those  of  oleic  and  the  solid  fatty  adds 
is  not  large  enough  to  intei-fere  with  the  production  of  a  tolerably 
hard  solid  elaidin  with  nitrous  acid  (p.  \M)^  nor  Uj  cause  that 
heat  evolution  on  mixture  with  sulphuric  acid  to  be  larjr^ 
<p.  147).  _ 

The  chief  oils  of  commercial  or  local  importance  belonging  h> 
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"~*^is  class   that  have  bean   investigated  to  any  extent  are  as 
Allows:— 

Name  of  Oil.  !  Source. 


-^mond  oil  (sweet),  •        .       Amygdalua  communis  {Prnnus  amyg- 

(bitter),           .         .1  ,,                ,,                yar,  amara, 

Aimchis  oil  (grouudnut  oil),     .     !  Arachui  hypogfta. 

Beechmast  oil,          .         .         .     '  Fagus  aylvatica. 

I  Ben  oil, :  Moringa  pterygosperma ;    M.   aptera 

I  (GuUaiulia  moringa). 

Httelntit  oil,    ....  Corylus  avellana, 

OUre  oil,           .        .        .         .     '  Olea  Europcea  gylrestris :  0.  E.  scUira. 

Plum,  peach,  cherry,  and        )  '  ^T'"„^r>l'""  ''    p'    ^'^^  ' 
^J^zZ*  u«-„^i  «;i-  c        P*     armentaca ;       F.     cerastts ; 

apncot  kernel  oila,     .         •  J        i>.  hrigantiaca  !  F,  serotina. 


Tea  aeed  oil. 


Camellia   t/iei/era ;    C,    olei/era ; 
C.  drupi/ern. 


Besides  these,  however,  a  large  number  of  oils  are  in  use  to 
varying  extents  in  different  countries  for  edible  purposes,  burning, 
Anointing,  <fec.,  many  of  which  agree  in  their  general  physical 
diancters  with  the  above,  more  especially  in  being  practically 
non-drying  in  character  and  only  solidifying  at  low  temperatures, 
juid  hence  presumably  consisting  essentially  of  olein ;  the 
chemical  examination  of  most  of  these,  however,  has  not  yet 
been  undertaken ;  and  as  yet  they  are  but  little  exported,  and 
consequently  have  not  found  their  way  into  general  trade  in  any 
lai^  quantities  (vide  pp.  287,  296). 

Vegetable  Expression  Oleines.— Semisolid  vegetable  tal- 
lows and  butters,  when  subjected  to  cold  pressure,  yield  a  solid 
mass  of  higher  fusing  point  together  with  a  comparatively  fluid 
oil  or  oleine ;  in  certain  cases,  more  especially  for  the  prcxluction 
of  Uie  higher  fatty  acids  for  candle  making,  this  treatment  is 
resorted  to  in  order  to  partially  separate  the  more  fluid  glycerides 
from  the  others.  Cokemut  and  palm  kernel  butters  when  thus 
treated  yield  fluid  oleines,  solidifying  a  few  degrees  above  0° ; 
these  consist  partly  of  oleic  glyceride,  partly  of  the  glycerides  of 
the  acetic  series  of  lower  molecular  weight  contained  in  the 
original  butters ;  and,  in  consequence  of  the  presence  of  these 
latter  in  considerable  quantity,  possess  a  somewhat  different 
composition  from  ordinary  oils  of  the  olive  chiss — r.g.y  the  iodine 
absorption  is  much  lower  (often  below  30  to  40)  owing  to  the 
relatively  small  amount  of  oleic  glyceride  present ;  and  similarly, 
the  heat  development  on  mixture  with  sulphuric  acid  is  below 
that  observed  with  olive  oil  (cokemut  oleine  =  26'*  to  27** ;  olive 
oil  =  41°  to  43* — A.  H.  Allen).  On  account  of  the  absence  of 
linolic  and  similar  glycerides,  these  products  are  almost  com- 
pletely non-drying. 
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CLASS  IL=-RAPE  (COLZA)  CLASS. 

The   characteristic  property  of  this  class  of  oils   is   that  o£ 
possessing  a  much  hitjher  .saponification  equivalent  than  tlic 
of  Classes  I.  and  IlL  in  virtue  of  the  pre^ience  of  oonsideral 
quantities  of  a  hijjher  homologye  of  oleic  acid — viz.,  rru^ie 
C22W40O.,,    crystallisable   and   melting  at  34*.       In   the   case 
colza  oil  another  acid,  mpic  acid,  C|^H^O.;,  isomeric  with  riciiH 
oleic  acid,  has  been  stated  to  be  also  present  in   eonsidenible 
q  u  anti  t  j  ( p,  41 ).     M  ore  pr  eci  >^  e  i  n  format  i  on ,  ho  we  ve  r.  i  s  decidediT 
wanted  as  regards  the  constituents  not  only  of  the  lesser  known 
niemliers    of    the    group,    but    also    of    those    most    oomxnOQlf 
occurring. 

The  specific  g^ravity  is  relatively  low,  mostly  l>elow  -918 ;  the 
saponification  ei[uivalent  usually  lies  between  315  and  32rs 
whilst  the  iodine  iiumher  is  between  95  and  105,  indicating  thf 
presence  of  a  certiiin  amount  of  glycerides  of  linolic  character,* 
a  result  also  hKirue  out  by  the  possession  of  some  degree  of  drying 
character  l)y  the  oils  themselves,  not,  however,  of  a  strongl|^H 
marked  kind,  ^^ 

Oils  of  this  class  do  not  give  a  p^irlicularly  Bolid  elaidin  i^ 
ru'tioti  with  nitrous  acid,  buttery  ma-sses  lieing  usually  formed 
which  often  separate  on  standiDg  into  two  portions,  one  solid  and 
the  other  liquid. 

The  principtd  oils  of  this  class  are  those  undennentioned,  but 
in  all  priibability  many  of  the  lesser  known  oils  are  of  similar  cont, 
j>oaition,  judging  from  their  general  physical  characteristics  :—  ' 


NuHorou. 

Soutnc 

Coka  (rape)  oil, 

Hedge  ratistard  oil  (hedge  ) 
radiBli  oil) j 

Must«ird  oils  {black  and  white  ;  \ 
Cliine«i?  cabbage  oil),     .         .  1 

Rftilifib  oil,        .         . 

Different  cnUtvated  varietice  of 

Bratmra  camptMris. 
Raphnnun  raphatti^ttrum   {Rap^ami»^\ 

tntm  artrnAf). 
Sinapia  nifira :  S,  tdha  ;  and  other 

»p«cie«  of  SiuQim. 
IlaphanttH  fotinu. 

CLASS  III.— CASTOR  OIL  CLASS. 

in  this  class  of  oils  the  prevailing  glyceride  is  that  of  an  oxf 
acid,  such  a>t  nci  11  oleic  acid,  wbirh  gives  to  *>ils  of  this  descriptiol 
})eculiar  chemical  charaeteri sties.  Comparatively  few  oils  Wsidfll 
castor  oil  have  been  sufficiently  closely  examined  to  render  if 
certain  that  they  V)ebmg  u*  this  class;  but  it  is  highly  prol>alkJj| 
tliat  several   of  the  lesser  known  oils   useil    ItK^ally  for  txlib' 

*  The  calculated  %*alue  for  erucin  u  7-4,  ibat  for  olein,  M'Z 
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purposes,  or  as  lamp  oils,  in  clirtVrent  piirts  of  the  world,  really 
consist  to  a  jE^ater  or  lesser  extetit  of  oxy-at-id  glycerides. 

A  tolerably  high  specific  jLj^ravity,  from  1)50  t<>  *970,  Ls  possessed 
l>y  Oils  of  this  ela-ss,  and  a  saponi ilea t ion  eijuivalent  of  305  to  315 
(calculated  value  for  ricinolein  =  *UO*(57).  The  elaidiiLs  are  soft 
jkud  buttery.  The  followiu^^  oils  apyiear  t^J  contain  more  or  less 
conskierable  profKtrttons  of  oxy-ticid  glycerides  : — 

oU, 

oil  (purqueiraoil),. 
tjrape  seed  oil^  . 


eoTCML 


JimHu^  communU  (vtr.  minor  and  major)^ 
Jatropha  ciircuji  {Curcas pttrgans). 
VitU  nniftra. 


CLASS   IV.^ANIMAL   NON-DRYING   OILS- 
LA  KD   OIL   CLA8S. 


L 

^■le^lated  pressure  (p.  2'M}^  a  mechanieal  separation  of  the  solid 
^^nd  Ikjuid  constituents  is  effeeterl  if  the  temperature  be  Kiiitahly 
arljusted  ;    the    fluid    substances    thus    ex  pressed    are,    strictly 
'      .speaking*    the   only  pr*>ducts   tn    which    the  teiTii    *^o]eine"   is 
app]ical>le  (l>esides  the  analngous  fluid  constituents  of  vegetalil© 
Ills);    but    in    commercial    practice    the    Unit  I    free    fatty    acids 
pariited    by  similar  means   from  tlie   i-rmlucts   of  Ha|xiJiifi«ition 
f   such    fats,    are    also    *lesignated    ^'  oleines,"    as    also   are    the 
logtius  tluid  acids   obtained   frcmj    steaiiMlistilled  tatty  acids 
_mi  greiises  of  various  kinds  fp,  110)  ;  further,  oils  treated  with 
Iphuric  acid  (Turkey  reti  oiis)  are  oft<^n   termed  ''oleine'  in 
e  cotton  dyeing   industry.      Accordingly,    the   glyceritiic   ex- 
pression   pnMhicts   are    tuore   usually  spoken  of  as  ^"oils"  (fi,ff,f 
How    oil)   than    as  oleiiies  ;  although,  even  then^   confusion  i^ 
it  always  avoided,  since  the  terms  ^^  tallow  oil  "  and  ^^  red  oil  " 
Mfjmetimes  also  applied  to  the  expressed  crude  oleic  acid  of 
le  candle  maker. 

Products  of  this  clasm  cltjeely  resemVde  vegetable  oils  of  Class  I,, 

pecially  when  free  fiY*m  any  animal  or  rancid  odour  betraying 

eir  origin.      Accrjftling  tn  the  way  in  which  the  expression  is 

!ect*^  (more  esj:>ecially  as  regards  temperature),  they  contain 

rying  quantities  of  the  solid  constituents  (**  stearines,"  chietly 

palmitin  and  actual  stearin — ie.,  stearic  glyceride}  in  solution, 

but  otherw'if^  consist  essentially  of  olein  (oleic  glyeeride).     They 

ually  have  a  specific  gravity  f*f  about  '1)15  or  'lUli  at  15',  and 

lidify  within  a  few  degrees  of  0    C.  (alxjve  or  below  )<      With 

tnms  acid  they  form   fii'm  solid  ehiidins  ;  with  sulphuric  acid 

Maumene'i*  test)  tlie  heat  evolution  is  small,  as  comjmred  with 

io«t  other  oils.     The  chief  oils  of  the  class  are  ; — 
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N 


e«rOfL 


Lud  oil,         .        .        .        , 
NcKt^s  foot  oiI»  home  foot  oil, 

sheep's  trotter  oil,     . 
Iklkfiroil,     .        .        .        . 


Hogs*  Ihrd  sabjected  to  exprevioa. 
The  '*  feet  *  (hoofs  and  hocks)  of  oKcn,  I 

horses,  and  sheep. 
Ox  and  nmttcii   tulow  suhjectei  lo 

ezproiioa. 


CLASS    V.  ^SESAME   OR   COTTON   SEED   CLASS- 
YEOETABLE  SEMI-DHYING  OILS. 

The  di-stinctkms  between  this  chiss  of  oils  and  those  of  CUeaesi 
I.  and  VI.  are  not  always  very  clearly  marked,  the  ditTeiynrtt 
>»eiiig  mther  «if  de^ee  than  «>f  kind,  chiefly  consisting  in  iJte 
presence  of  distinctly  hir^jjer  proportions  of  glyeerides  of  tiie 
drying  chiss  than  are  jyresent  in  non-drying  oik  of  Clas*  L» 
although  these  ingredientis  are  not  contmned  in  suffideDl 
quantity  to  give  true  drying  qualities,  such  as  are  poBsesised  by 
oils  of  Class  VI. — t..?,,  the  power  fif  ahsnrhing  oxygen  from  tht 
air,  and  l>eeonilng  a  solid  varnish-like  mass,  Acconlingly.  tbe 
reflect  of  the  elaidin  teat  (p.  VSl)  is  to  form  a  soft  solid  mass,  fiu- 
inferior  in  hardness  and  consistency  to  tbat  furnished  by  tTpi«=al 
non-<lrying  oils,  such  as  olive  or  amchis  oil,  but  eonsidemhly 
nioi-e  solid  in  character  than  the  soft  nearly  fluid  prtjducts  fonned 
hy  the  true  drying  oils,  such  as  linseed  oil. 

In  general,  the  s^jecific  gi-avity  at  15"  ia  a  little  hight^r  tlun 
that  of  oils  of  Class  I.,  mostly  lying  lietween  *923  and  *'J.'I5 :  »inl 
the  iodine  absorption  is  siinilarly  raised  considerably  above  H6*2, 
the  theoretical  value  for  pure  o!ein.  In  most  cases,  solid 
glycerides  (]mlniitin,  stearin,  JL'C.)  are  present  to  a  greater  wf 
lesser  extent,  t<»getlier  with  small  r|uantities  of  glyeeridc-s  of  oxy- 
acids.     The  following  ai*e  the  liest  known  oils  of  the  clasps  : — 


k. 


N.meofOlL 

Bowrm, 

Camelinn  oil  ( German  oil  of 

scsanie  or  gokl  oi  plcmsure 

oil) 

Cotton  seed  oil, 

Camettna  satt'va. 

GoM'iypiHm    htrhactttm ;    G.    hirmfum  ' 

Cres^  oil 

Miuiia  oil,        .... 

rtlitjioHum, 
L  tpvl  in  m  mU  imm. 
Madia  /taiim. 

Maize  oil, 

Niger  oil  (ramtil  nil), 
Sejiame  oil  (gingelly  oil,  til  oil, 
hennt*  oil},    .         ,         .         . 
Sunflower  oil,  ♦ 

Zra  mnis, 

GuiLotia  olei/ertu                                          \ 

ScMmum  arieniale^ 
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Iiesser  Known  Vegetable  Oils. — In  addition  to  the  leading 
vegetaUe  oils  above  mentioned  belonging  to  Classes  I.,  II.,  III., 
aad  v.,  a  large  number  of  other  oils  are  locally  known  and  used  to 
a  considerable  extent  in  various  parts  of  the  world.  In  most 
instance  nothing  whatever  is  known  as  to  the  chemical  constitu- 
iaxm  of  these  substances;  judging  from  their  general  physical  char- 
acters they  are,  as  a  rule,  either  nondrying  oils  of  the  olive  class, 
or  semidrying  oils  of  the  cotton  seed  type;  some,  however,  in  all 
probability  are  more  or  less  akin  to  rape  or  to  castor  oil.  Amongst 
tliese  lesser  known  imperfectly  drying  oils  may  be  mentioned 
ihrnt  derived  from  the  soja  bean  {Soja  hisjnda  or  GJyciiie  sqjn)  of 
China  and  Japan,  where  both  the  beans  themselves  and  the  oil 
thence  expressed  are  important  articles  of  food.  Recently  the 
plant  has  been  introduced  into  Europe ;  the  seeds  yield  about  a 
mxih  of  their  weight  of  oil  by  pressure,  furnishing  an  excellent 
oikake  for  cattle  feeding.  The  oil  itself  thickens  on  chilling,  and 
when  exposed  to  air  oxidises  somewhat  rapidly. 

The  nuts  of  the  candlenut  trees  (Aleurites  moluccana,A.  triloba; 
Jairopha  nwlticcanum,  Croton  m(}liiccanuin\  found  in  the  Eastern 
Archipelago,  Malay,  Cochih  China  and  Southern  China;  Cali- 
fornia, Chili  and  Venezuela ;  Bourbon,  Mauritius,  Jamaica, 
Polynesia  and  North  Australia)  furnish  similar  oils,  chiefly  used 
for  cooking  and  burning,  but  sometimes  possessing  sufficient 
drying  power  to  be  capable  of  use  for  painting  purposes  in  hot 
climates.  In  different  countries  the  oil  is  known  by  different 
names — e.g.^  Bankulnut  oil,  Kekune  oil,  kc.  Accordin*^  to  Lacli 
a  sample  of  candlenut  fat  fusing  at  24°  and  solidifying  at  21* 
yielded  fatty  acids  melting  at  65* -5  and  solidifying  at  .^G**  :  the 
iodine  number  was  118,  indicating  the  presence  of  a  consideralile 
proportion  of  drying  oils. 

L.  Field  describes  candlenut  oil  as  limpid  and  sweet,  not  soli- 
difying at  0*,  and  capable  of  forming  a  fine  waxy  looking  soap 
by  the  cold  process.  It  is  stated  to  be  well  adapted  for  cloth 
dressing  and  to  be  largely  exported  to  Europe  for  soapmaking, 
but  does  not  appear  to  be  much  used  in  England  for  those 
purpases.  The  nuts  are  extremely  hard,  so  as  to  be  cracked 
by  ordinary  machinery  only  with  difficulty ;  when  strung  on  a 
twig  they  can  be  burnt  like  a  tallow  candle,  whence  the  ordinary 
name. 

The  seeds  of  various  species  of  pine  (Pinus  sylvestris,  P.  rtbieSy 
P.  picea  furnish  by  expression  or  solvents  imperfectly  drying  oils 
used  to  some  extent  for  burning  and  other  purposes  ;  these  vary 
in  specific  gravity  from  -925  to  '931  at  15*,  and  mostly  thicken  at 
about  -  15,  solidifying  at  about  -  27°. 

Croton  oil,  from  Croton  tiglium,  is  possessed  of  weak  drying 
characters,  but  has  a  composition  differing  in  many  respects  from 
most  of  the  oils  of  the  nondrying  and  semidrying  classes.  The 
specific  gravity  of  the  fresh  oil  is  -942  at  15**,  older  oil  that  has 
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ahsdrbetl  oxyi^en  from  the  air  being  more  dense,  about  'l*ri^t 
solid ificat ion  occurs  iit  about  -  1G\     I'he  oil  is  strongly  pursuit ne 
when  token  in  small  doses  internally,  .irnd  vesicatory  when  ar : 
to  the  skin  ;  it  does  not  form  any  solid  elaidin  with  nitron- 
It  mainly  consists  of  glycerides,  and  on  saponili cation  furiii-iir- 
stearic^  palmitic,  myriaticj  lauric,  caproic,  valeric,  butyric,  a  » r 
luid  formic  acids  of  the  aci^tic  family,  together  with  tiglic  (ii 
crotonic),  and  crotonic  acids  of  the  oleic  series.      Oleic  ac;J  — r 
been  stated  t^j  be  present  by  some  investigators,  and  to  be  «faMflt 
by  others^  a  nonvolatile   '*  crotonoleic  acid  '^  yielding  a  baiiiiai 
salt  soluble  in  alcohol  havini^  also  been  found.      The  vesicattnj 
agent  is  believed  to  be  **crott>n<»l/'  a  semisolid  b<idy  indicated  bt 
the  formula  C,,Hj^(X ;  this  is  not  identical  with  the  purgatitv 
jirinciple,  the  nature  uf  which  is  uncerkiin. 

An  excellent  fatty  oil  is  largely  used  in  Morocco,  derived  &DB 
the  Argan  tree  {Atyauia  sidft'u.i'^lon^  Ehr^fxhtudrati  ar^n,  of 
Suiero.i'1/fmi  .ynnoHum)  :  the  fruit  is  tleshy  and  ia  eaten  greediljr 
by  sheep  and  goats,  cows  and  camels,  but  the  kernels  or  stone* 
are  banl  and  bony,  and  are  consetiuently  rejected  by  the  animAk 
These  stones  are  collected  and  cracked,  and  the  inner  whitr 
kernels  carefully  roasted,  ground,  and  kneatled  with  a  htUf 
warm  water^  whereby  the  oil  is  gradually  expelled,  more  wjU«r 
l>eiiig  aflded  from  time  to  time,  and  the  mass  kneaded  until  no 
more  oil  exudes.  After  settling  the  oil  is  a  clear  light  bn»wii 
lluid»  often  nf  somewhat  rancid  flavour  and  <Hiour;  it  is  lar^lt 
used  by  the  Moors  as  an  edible  oil,  vsomewhat  cheaper  than  olirf 
oiL  Somewhat  similar  oils  are  obtained  from  the  kernels  of  tL* 
fruit  of  Sfffiihi/frtt  pinuaUt  (bliuldernuts)  in  Eastern  Eunjpe  ;  \hf 
berries  of  the  dogwood  {Cortina  mnriuinea)  in  Italy,  Cashin««» 
and  Siberia;  the  seeds  of  the  spindel  tree  {EuonjpnHH  eurvpcntiS 
of  Cent ral  Eu  ro pe  ;  ho rs echest nu ts  ( - Khc ul tt^  It  tpj ntcasta mtm); 
and  the  seeds  uf  SarcoMu/ma  Kfeinii  (known  as  Adul  tir  CMal  oil 
in  Southern  India),  of  several  nihinenA  species,  and  <if  Penii^- 
ffethrti  mncropht/ffa  (Owala  oil  of  the  Gaboon,  Op^jchala  oil  <ii 
Fernantlo  Po). 

The  Brazil  nut  or  Castanha  (Bertholletia  e^^Cf^lm)  of  Sooth 
America  yields  a  clear  yellow  bland  oil  closely  resembling  tlwl 
of  abiionds,  soon  l)ecoming  rancid  ;  the  edible  seeds  of  iht 
Trffhiritt  pedata  of  South-east  Africa  furnisli  a  similar  oil,  said 
to  be  erjual  to  the  finest  olive  oiL  I'u napkin  seed  oil  (VurrurhiiA 
Itt'po)  is  a  clear  sweet-tasting  oil,  yellowish  or  nearly  colourl««i 
when  obtained  by  cold  pressure,  possessed  of  only  faintly  marked 
drying  i]iialities  ;  its  relative  density  is  ^923  at  15'  ;  at  -  15* 
it  solidities  to  a  greyish  yellow  mass.  Similar  oila  are  obwiii- 
able  from  the  seeds  of  other  curcurbitaceous  plants — e^y^^  tlie 
watermelon  (Vueumw  citndliift),  sweet  melon  (C\  m^to\  gherkin 
(U.  safivuti)^  colocynth  ((\  coitHynfhhf)^  i,tc  The  oil  of  the 
Boma  nut  {Pift:ntHujmn  macrophffUa)  is  sweet  and  bland,  aod  ii 
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kueh  u^eJ  for  cookiii*?  by  tlip  natives  of  Central  Africa;  that  of 
B|^  Cashew  or  Acajou  nut  {Anicnniium  occid*'niaIf^)  is  similarly 
■Uoyerl  in  the  East  and  West  Indies  and  the  West  Coast  of 
Bfttca ;  in  the  Brazils  it  has  been  in  use  for  centuries  tis  an 
Idible  oil  :  it  i«  a  light  yellow  sweet- tasting  oil  much  like  that  of 
ElEUOiKlSf  of  relative  density  *916-  Mango  seeds  (Maw/i/era 
m'iictt)  and  pistachio  nuts  (Phkickia  tyera)  yield  similar  oils,  as 
hUo  do  the  fruiit  kernels  of  Ihiehanania  latifoHa^  a  forest  tree 
lotniDon  in  Coroinandel,  Malabar,  and  Mysore;  the  oil  from  the 
kst  is  limpid  and  of  a  fiale  straw  colour  and  is  sometimes  known 
is  Chironji  oif.  Varii^us  species  of  fJ^jwcarpw<  bear  oleaginous 
buts  furnishin*2f  sweet  cooking  and  eating  oils,  known  in  Para  as 
Fconmu  oil."  resembling  olive  oil  but  becoming  solid  much  more 
nadily  on  chilling  ;  hickory  nuts  {Cart/a  o^im/ormij),  M'poga 
kuts  (common  in  the  (taboon),  breathiuts  (Ompftaha  diajidra 
■nd  0.  triuiuirti — St.  Domingo  and  Jamaica),  and  many  other 
lesser  known  nuts  and  seeds  are  also  sources  of  similar  pro- 

I  According  to  J.  li.  Jackson^*  a  large  nund>er  of  new  oil  seeds 
pave  come  into  the  English  market  of  late  years  from  the 
West  Coast  of  Africa,  but  the  supplies  have  mostly  been  inter- 
Biittent ;  some  few  are  partictilady  well  adapted  for  use  were  a 
Constant  supply  forthcoming,  more  especially  the  seeds  of  the 
Wd/airia  ocridenMlls  (a  cwcurbitaceous  plant) ;  the  Afi/rlsika 
■paafangw  (a  scentless  nutmeg) ;  the  Ilyptis  Hpicujera  {a  herbaceous 
BBifo  plant);  the  Polygala  raj'i/olia  (**  Maluku"  seeds);  the 
W^yhira  alata  (**  Meni "  or  **  Laintlaintain ''  seeds,  from  one  of 
ue  J/ipterocarj>ecp ;  Senegambia  and  Sieri-a  Leone)  ;  and  the 
mitgieclelhra  macrophtflla  (a  leguminous  tree,  the  "  Owala  "  of  the 
HHboon,  and  the  **  Opachala  "  of  the  Eboe  country.  *'  M'poga," 
"Mabo,"  and  **Niko  ^'  nuts  also  furnish  oils  of  a  character  that 
might  render  them  very  useful. 

Similar  remarks  apply  to  the  oil  be^iring  produce  of  many 
ortiier  countries  ;  in  many  instances  the  oils  thence  obtainable  are 
of  characters  so  gtiod  for  a  variety  of  purposes  as  to  leave  little 
doubt  that  a  considerable  amount  of  trade  in  such  materials  will 
hereafter  become  developed  whenever  the  conditions  are  realised 
necessary  for  the  economical  growth  of  the  trees  and  plants,  and 
the  har\*eHting  of  their  seeds,  rmts,  or  other  fruits,  ttc^  or  for  their 
^■treatment  on  the  spot  for  the  extraction  of  oil ;  tfjgetlier  with  the 
^Kieceasary  opening  up  of  the  districts  for  transport  purposes,  so 
^Bas  to  enable  regular  supplies  to  be  obtained.  In  all  probability 
^Pthe  uncertainty  as  to  what  quantity  of  material  could  be  ol)tai ned, 
^^  and  its  price,  has  largely  militated  against  the  importation  into 
Kurope  of  numerous  raw  materials  of  the  kind,  manufacturers 
not  caring  to  expend  time,  skill,  and  capital  in  working  up  sale- 
«bie  products  until  assured  on  these  points. 

•  Journal  Society  of  ArU,  1801,  40,  p,  12-2. 
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CLAS8  YL— DRYING  OILS— LINSEED  OIL  CLASS- 

The  drjin;^  oils  proper  principally  differ  froni  the  semi-dijnijr 
oils  in  containing  much  larger  proportions  of  the  glyoeridee  flf 
the  more  *'  unsaturated"  acids  (linolic,  linolenic^  and  isoliri  '  m; 
acids),  these  substances  greatly  predominating,  and  only  ct-i 
tively  small  amounts  of  olein  and  of  the  glycerides  cif  tl* 
fatty  iicids  being  present,  so  that  these  latter  rarely  separai'  : 
any  quantity  as  solitl  "  stearines"  on  chilling  and  standing, 

I) wing  to  the  more  or  less  considerable  amount  present  rf 
these  unsaturated  constituents,  Vioth  drying  and  semi-drying  oib 
possess  higher  iodine  absorViing  powers  than  the  oils  of  the  firrt 
four  classes,  and  develop  more  heat  on  mLxture  with  sulphurw 
acid  (Maumene's  test,  p,  147).  When  drying  oils  are  svr^tA 
out  in  a  thin   layer  they  rapidly  absorb  oxygen  fr^im   tl 

increasing  in  weight  and  ** drying  up'*  to  a  solid  vamish.  ^^-^ 

in  tiuie  becomes  perfectly  hard  and  not  in  the  least  sticky  or 
**  tacky  ;"  semi-drying  oils,  similarly  treated,  increase  in  wm^t 
to  a  much  less  extent,  and  more  slowly,  and  never  dry  up 
thomughly  to  a  hard  varnish  free  from  stickiness.  With  iutm« 
acid,  drying  oils  give  no  solid  elaidins  ;  semi-drying  oils  asaaBj 
give  buttery  masses  from  which  fluid  matter  separates. 

The  specific  gravity  of  drjing  oils  is  usually  distinctly  hi^ber 
than  that  of  oils  of  CJlass  L,  generally  lying  between  i)25  and 
955,  and  increasing  as  oxidation  goes  on  until  finally  the  drvd 
Elms  or  "  skins  "  are  heavier  than  water.  According  to  B*iief 
and  Hazura,  the  drying  (|ualitie8  are  the  more  pronounced  tb* 
larger  the  proportion  of  linolenic  and  isolinolenic  acids  preMnl, 
linolic  acid  contributing  less  mark  wily  to  the  drying  propertiet; 
so  that  an  oil  consisting  mainly  of  the  glycerides  of  oleic  ifid 
linolic  acids,  even  when  the  latter  predominates,  does  not 
exhibit  drying  powers  equal  to  that  of  another  containing  i 
considerable  p!T>portion  of  linolenic  and  isolinolenic  glyi^nM^* 
They  regard  non-drying,  semi-drying,  and  drying  vegetal 
as  distinguishable  by  the  following  characters  so  far  as  u^uj** 
constituents  are  concerned  :— 

A^'on-Dnjinff  Oils  contain  none,  or  at  most  only  small  per- 
centages, of  the  glycerides  of  either  iiuolic,  linolenic,  or  iscJiii- 
olenic  acids. 

Senii-Dnfintj  OUs  contain  more  or  less  considerable  amoutiti 
of  linolic  glyceride,  but  little  or  no  glycerides  of  linolenic  * 
linolenic   acid]  the    drying  action  being   also   retaixled    h 
presence  of  more  or  less  olein  anfl  other  non-drying  glyceriJtt.'v 

Trite  Brt/tufj  Olh  contain  considerable  amounts  of  linoleuic 
and  isolim^lenic  glycerides,  together  with  linolin,  and  but  snuill 
amounts  of  olein  and  non*drying  glycerides. 

Obviously  the  exact  lines  of  demarcation  between  non-drying 
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ifl  semi-drying  oils,  on  the  one  hand,  and  between  semi-drying 
IimI  truly  drying  oils,  on  the  other,  are  but  faintly  tniced  ;  so 
Jiutt   it  often  happens  that  a  given  oil  is  classed  by  one  writer 

EiOEi^^t  the  oils  of  one  class,  and  by  another  amongst  those  of 
e  adjacent  class. 
I  A»  regards  non<lrying  and  Remt-drying  animal  oils,  it  is 
IKyCioeahle  that  the  fatty  acids  thence  obtainable  yield  no  sativic 
pcifi  on  oxidation  by  alkaline  permanganate  (Bene^iikt  and 
isLzrarA) ;  frtim  which  it  revolt. s  that  linolic  acid  is  not  a  con8ti- 
it  of  oils  of  this  class  ;  whereiis  larger  or  smaller  quantities 
itivic  iicid  appear  to  be  obtainable  from  many,  if  not  all, 
fcble  oils  by  this  treatment. 
best  knowQ  drying  oils  are  the  following  : — 


■                    KuBe 

ofOU, 

Bource. 

■bolP  Meil  oil, 
fcHi  iiimiriii  nil. 

, 

Cannahii  saliva, 
Laliemantia  iberka. 

V^iseed  oil,      . 
Poppy  Beed  oil, 

Tobftoco  seed  oil 
Wiilnat  oU  (nut 
Weldscedoil,  . 

oil). 

Linum  usitatMrnum  {L.  p^renne), 
Papaiyer  ^omni/erum  :  /'.  rhras  ;  Glau- 

ciutn  liUeum  :  Argemons  mexicana. 
Xicoliaiia  labacum. 
Jwjlans  regia. 

lany  other  oils  of  pretty  strongly  marked  ch-ying  qualities  are 
iown  and  employed  locally,  without  being  articles  in  wliich  any 
con.siderabie  amount  of  export  trade  is  done ;  few  of  these  have 
en  submitted  to  any  detailefl  examination.     Hickory  nut  oil 
jryn    olirrfJormiH)    is    sometimes    suld    under    the     name    of 
fierican  walnut  *ril,''  but  appears  to  be  very  inferior  in  drying 
lities.     The  seeds  of  Cfiiophi/lltint  inophi/ffuiH,  a  forest  tree 
i«?ly  distributed  in  the  eastern   tropic-s,  furnish  an  oil  known 

^    ^-urious  names  {dilo,  domba,   pinnay^  jkjou  seed,  or  tanianu 

oil);  whea  mixed  with  pigments,  this  furms  a  paint  that  dries  in 
\_i'2  hours,  without  any  previons  boiling ;  owing  to  the  large  yield 
Hf  oil,  and  the  plentifulness  of  the  tree  in  Inditi,  Ceylon^  the 
HKalay  Archij)elago  and  Java,  an<l  the  South  Pacific  Islands,  <fec., 
thh*  oil  appears  likely  to  be  an  imixirtiint  article  in  future.  The 
Lkeniels  of  the  Al^nrites  rnrdata  {Elmococeft  vfrnielft)  furjiisb  an  oil 
Bp  Japanese  wrjod  oil,"  **  tung  oil  *^)  largely  used  as  a  varnish  in 
^^kina  and  Japan  on  account  uf  its  extremely  rapid  ilrying 
^Ipalities.  According  to  Uloez,  this  oil  cnntains  about  25  per 
^V§Dt.  of  olein,  and  75  of  a  homologiie  of  Hnolin,  furnishing  on 
I  saponification  eh^omargaric  acid,  Cj^H.^^^O.,.*  Further  investiga- 
tion Ls  de.sirable,  as  the  qualities  of  the  oil  are  such  as  to  render 
it  valuable. 

•  ComptM  rendWf  83,  p  04:?, 
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CLA88  YIL— TEAIN,  LIVEK,  AND  FISH  OILS, 

The  term   "  tmiti  oil/'  strictly  speaking,  applies   to  uny 

extrai-ted    from    tJie    lilwbber   of   cetaceans    and    allien  I    tsmnm 

nijuiinialia  (sudi  oh  the  seal,  porpoise,  dolphin,  walrus,  *fcc.),  i 

therefore,  in  the  widest  «ense  includes  the  spenu  oil  cla*9,No.i 

but  in  the  present  connect  ion  it  is  intended  to  apply  only  i 

those  blubber  oils  tlmt  are  esHentiully  of  ^lyceridic  cbaractcr,  ami 

not   to  those  that  mainly  ctnisist  of  compound  ethers  of  mono^ 

liydric  alcoholH.     Tt  is  not  (juite  the  equivalent  of  the  Gemuui 

term  "thran/'  which  also  includes  tish  oils  (itardine  lal,  me 

oil  J  ttc.)  i\»  well  as  liver  oils  {ctnl  liver  oil,  sun  fish  liver  oil,  Ac.)  i 

Oils  of  this  cliifss  have  been  much  less  thoroughly  examin*HJl 

to  their  chemical  constitutiofi  than  their  importance  a&  trade 

products  warnuits.     In  some  crises  they  consist   mainly  of  ibe 

;;lyceride  of  phi/setolfk  (icidy  a  lower  horaologue  of  oleic  acid  :  but 

other  s,dyce rides  arc  generally  present  as  well,   preventing'  th^ 

fornuition    of  solid  elaidins ;   soft  jirotlucta    ft-om    which   hquid 

matter  separates  on  standing  are  generally  formetl,  rnucb  as  witii 

the  oils  of  Classes  II.  and  VI,;  from  which  circumstance,  to««P- 

ther  with  the  high  iodine  niunber  generally  indicated,  and  the 

pi  issession  of  some  degree  of  drying  qualities,  it  appears  probaU* 

that  drying  oil  glycerides  are  also  present.     Liver  oils  (cod  ind 

shark's   livers,    itc.)   generally   ctmtain  perceptible    amounts 

(.cholesterol  ami  allied  biliary  products  ;  like  tish  oils  i)roper  (e.f 

menhmlen  oil),  they  evolve  large  amounts  of  heat  on  adiuixt4tii 

with  sulphuric  acid,  resembling  the  vegetable  drying  oils  in  l" 

respect;  whilst  train  oils  (whale  oil,  seal  nil,  «tc.)  give  a  s^^tinewh 

lower  degree  of  heat  evolution,  prokibly  on  aicciiunt  of  the  preface 

of  notable  amounts  of  the  glycerides  of  ai>lid  fatty  acids  (stearin, 

ifcc*)     When  oils  of  this  class  are  sepiratetl  from  the  nitrogenotii 

tissues  immediately,  so  that  no  decomjHJsition  t-akes  place,  the 

are    comparatively    inotlorons    and    tasteless,    and    contain 

appreciable  quantity  of  free  fatty  acids  ;  but  if  the  livers,  blubb 

fish,    itc,    are    kept  for   any  length    of  time   before    the   oil 

extracted,  a  more  or  less  strongly  marked  animal  fishy  smell  ^ 

developed,  becoming  excessively  rank  in  extreme  CB-ses  ;  as  in   ' 

case  of  rancid  vegetable  oils,  more  or  less  hydrolysis  of  glyceride* 

with  proti action  of  free  fatty  acids,  appears  to  accoTnpany 

development  fif  the  strong-smelling  bye  products  thus  formed. 

The  distinction  between  oils  of  this  chiss  (mainly  glyceridic  i 
character)  and  those  of  Class  X.  (mainly  non-glyceridic)  is  ia 
victual  practice  not  extremely  sharply  marked  ;  for  sj^erm  oili ' 
usually  contain  small  quantities  of  glycerides,  although  the  t'hit?f 
crmstituents  are  non-glyceridic  compound  ethers  ;  whilst  on  tb<^ 
other  hand,  some  of  the  blubljer  oils  contain  notable  amounts  of 
solid  non-glyceridic  compound  ethers  (spermaceti),  deposited  on 
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>lin^  and  standing.     In  fitct,  it  is  ms  difficult  or  impossible  Ut 

iraw  a  harfl  and  ffist  Ihk^  of  demarcation  l>etween  the  glycerklic 

icl   ucintijlyeeridic  animal  oils,  as  it  is  Wtween  the  drying  and 

ion-dry inix  vegetable  *)'\U ;  and  fur  the  same  reason,   vix.,  that 

1st   the   two   extreme.^   are    to]eral>ly  .sharply  contrasted   in 

:ieral  composition,  yet  various  intermediates  exint,  partaking 

r#|)ie  cbarac't-er  of  both   classes.     To    some  extent,    this    may 

ly  arise  from  the  circuniHtance,  that  when  a  ship  is  engagetl 

oil-fishery,   it    is    not  always    practicahlf*   to   keep  apart  the 

3lubl>er3  obtained  fnnn  different  speciew,  so  that  the  oil  ultimately 

Bxiract«d    is  oi\en    a  mixture   (»f  the    prmlucts    obtained    from 

liferent  kinds  of  animal,  each  of  which,  if  examined  separately, 

rotiM    exhibit    special    characteristics   analogous    to   those   dis- 

ijfuishing   ilitferent   seed   oils.      In   general,    it   appears    that 

liiilebone-yielding  whales*  (/ia/frnmflptf)  furnish  oils  containing 

le  or  no  nn*iu>hydric  compound  ethers  Hke  spermaceti ;  whilst 

>thed  wIudeH  {D*'^phiiioi*l*'it)  yield  oil   where  these  substances 

usually  present,  in  some  cases  as  chief  conKtittierits  ;  these 

tter  form  the  oiis  of  Class  X. 

The  chief  oils  of  this  chxss  are  the  following  :^ — 


lorou. 


8uarc<ss. 


Traill  Oils^ 

Bolphin  ati*l  Porpoiie  oib 


8eaiQil»» 


(mor*e  oil.  dugong  oil, 
tiuuiatee  oil). 

Wh&te  oils  and  Blackfiah  \ 
otb.  I 


Delphinvji  phorrpna  {Photfrna  communis), 
or  commou  pmriioiee.  /*.  orai^  or  grftii3i|iua. 
Drfphinuit  iltlphit,  or  couunoa  dol]»hin, 
Dt'lphinm  fjloh ic^pa*  D,  { u rno ,  if y tt odon 
vionocf^ron,  or  narwhal. 

Fhota riftdirvi:  P,  fpurtdnndira:  /\  batbala; 
P.ctmtefafa;  P.  Ingura;  P,/ftlida:  F.  can- 
pica ;  P,  prohojicidfia,  Ol(triajuhai(t.  O. 
aujffraiis, 

TrlrhfrhuJt  rofimariijt^  niorae  or  walniB. 
/fniirore  au»triiif!t  and  //*  /nrftruv,  or 
d  11  gong.  Alanatu/i  nttnt  talis  and  M. 
'tmfrkanttjt^  or  manatee. 

Bnltrtius  Tfii/KfirefUM  or  B,  fpra'tifandiciis, 
the  **  right  whale.'*  B.  fj!acmtij*f  or  polar 
whale.  B.  hiiopit,  or  himipliacked  whale. 
B.  antffrflica,oT  cape  whale.  B.  mi^traii'*, 
or  southern  hlack  whale.  Balf^noptera 
tjihhar,  or  tinner  whale.  CloftiocephaliiM 
itiiermedia^,  or  pilot  whale.  G.  macro- 
rhyncttit^  or  killer.  Bthitja  tatmion^  or 
white  whale. 


*  Haxley  classes  the  existing  cctatjea  (exclusive  of  extinct  genera)  as 
Baltenoidea  and  DflpHinoidca^  the  latter  group  incladiaig:  PtaiiniHidfr^ 
Delph imdir  idoi^hmny  porpoises*  grampus,  and  imrwhalf  and  Ph^»*^tfr\d*r  ; 
these  laftt  being  further  *fnbtiivi«ted  into  Phy*vttrinrt  {cachclot«  or  sperm 
wbolee)  and  Hhtfucottli  (bottlcoosc  whaler). 
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1 

XmneorOil. 

eoiiroa.                               J 

L 

UverOils- 

1 

Coj  oils, ,      *      .      . 

Gaduf  m orrh  ua  ( A  seilus  major).  G.  r«U«f«ft!^H 

G,  carhoimrius  {Mtriangus  exifhonanmV  i^H 
G.  merlangus  ( Mtriangut  rulgarU\.          '^^1 
G.  pollack  ius  { MtTlangus  paUach  iw),        ^H 
Mtrlatcim  communU.                                  j^H 

1 

Malabar  oils,  . 

1 

PUy  and  Shark  oils, 

Sqmlits   tartharxas^    or    oommoii  aliirk.  |  ^ 

^^mji 

S,  mazima,  or  basking  shark.    S.  ffUhalii, 

■ 

1 

or  Greenland  shark.    S.  ztff/ttna  {Zypta^ 

1 

^^^^^H^ 

I 

ma/Zetit),  or  hammerBah.    ^S*  ocamiAamM,  m 

1 

^^^ 

picked  dogtlsh.    S,  ^pinax  ni'jer,  or  kvi]^ 

1 

p 

Fish  Oils- 

I 

Herring  oil;*,    , 

Ciupira  poiUica  (Astrakan  herring).   ,^^JH 

(sartiine,  sprat,  pilchard, 

C\  mrdinuM,  or  sardine  ;    C  n«aftoi^^^^H 

■ 

ancha\-yj  lotiar,  kc. ) 

kmuru,  and   C,  paia9ah^  or  Indii^^^^l 
>Iala3*aii   louar,       C    «pi*attu»^    ^^'^l^^^l 
C.   ffikhardtLs,   or    pilchanL       A'n^ra^^H 
encrasicholus,  or  ancbo\'y.                         ^^| 

^P 

Menhaden  oil. 

A  lorn  menhadrn  {Brcroordia  m^Tihatlfnl    ^H 

^^ 

1    Golaelmn  oil,  . 

Thaleiehthys  paci/erttjf  Q^nentn.                   ^| 

Tiinoy  oil. 

Thynnng  vidfjariif.                                          1 

■ 

Schadler  gives  the  following  table  of  colour  reactionB  of  tnl 

1 

whale,  liver,  and  fish  oils  with  strtnig  nitric  acid  (sp.  gr,  1'494|H 

sulphuric  acid  (sp.  gr,  1<U1*7) ;  and  the  two  mixed  in  etjual  p^| 

portions  (compare  p.  lih^y                                                                   1 

■ 

miTk  Ada. 

Siilpliurlft  AdcL 

ltil«d  Acidl. 

1 

Seal  Oil— 

1 

Red  brown,    . 

Kedtliah  yellow,  becoming 

Reddish,  becomiflfH 

reddiBh  brown,  and  ul* 

brow^.                      ^H 

timately  brownish  red, 

■ 

somewhat  like  blood. 

■ 

Whale  Oil— 

'■ 

Brown  is li,  becomiiig 
full     brown,     autl 

Brown,  becoming  black 

Yellow,     be<^omiBif■ 

brown. 

reddish,  and  liDdh     1 

tinallyblaclt  brown* 

dirty  brown^            |    1 

LtvKR  Oflh — 

Blood  red,  hecoming 

Violet  to  black  violet. 

Yellow  red (beoomiB^  1    ■ 

^ 

browjiisli    red     to 
browo. 

bright   red,  iniUrlJ 
reddish  hroiraw^lM 
violet  streak.            ^M 

^1 

Flsh  Oils— 

w 

^1' 

Brown,    . 

At  first  greenish,    then 

Yellow,  then  '^rceniih,      ' 

^K 

brown,  and  Jinally  quite 

afterwarda  brown. 

1 

black. 

J 

k 

L . M 

1 
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CLASS  VIIL— VEGETABLE  BUTTERS,  FATS  AND 
WAXES,  &c. 

When  the  proportion  of  glycerides  of  relatively  high  melting 
point  to  olein  is  large,  the  physical  texture  of  a  substance  that 
would  be  an  oil  in  the  tropics  becomes  more  like  that  of  butter 
at  15**-20'';  concurrently  with  the  change  in  comparative  fluidity 
the  iodine  absorption  is  largely  reduced  as  compared  with  oils 
of  Classes  I.  and  VL,  on  account  of  the  diminished  proportion 
of  olein  present.  In  the  case  of  certain  vegetable  glyceridic 
waxes  {e.g.,  Japanese  wax),  the  olein  is  reduced  to  insignificant 
proportions  or  to  nil,  with  the  result  of  increasing  the  relative 
solidity  and  considerably  raising  the  melting  point.  Some  of  the 
substances  of  this  class  contain  a  notable  proportion  of  glycerides 
of  acids  of  the  acetic  family  of  sufficiently  low  molecular  weight 
to  be  readily  volatile  with  steam  at  ordinary  pressure  (e.^r.,  coker- 
nut  and  laurel  butters  and  palm  kernel  fat) ;  others  are  practically 
destitute  of  such  ingredients.  When  subjected  to  regulated 
pressure  (p.  283)  liquid  oleines  are  squeezed  out,  and  solid 
stearines  left,  the  former  closely  resembling  oils  of  Classes  I. 
and  VL  when  sufficiently  freed  from  the  latter. 

The  best  known  substances  of  this  class  are  the  following : — 


Ifame  of  Batter,  Ac. 

Sources. 

Bassia  fat;  Illip^  bntber, 
Mahwa  butter,  Phulwara 
fat  (Fulwa  fat).  Shea  but- 
ter (Galam  butter),  &c. 

Cacao  butter,    . 

Chinese  tallow, 
Cokemut     butter    (copra 

butter  or  copra  fat). 
Cotton  seed  stearine, 
Dikafat,  .... 

Japanese  wax,  . 

Malabar    tallow    (Piney- 
tallow). 
Myrtle  wax,      . 

Myristica  butters  (Xutmeg- 
butter,  Virola  tallow, 
Ofcaba  wax,  Ucuba  or 
ocuba  wax,  &c ) 

Palm  batter  (palm  oil).      ) 

kernel  oil).                        ) 

Bassia  lal%folia(Sioxh. )  B.  longi/olia{L\im, ) 
B.  butyracea.     B,  Parkii  {Butyrosperma 
Parkii—Kot&chy), 

Theobromacacao(Linn. )  T,  &ico^(Humb.) 
T,  augusti/olium  (Se88^).  T,  leiocarpium 
and  T,  penta^onum  (Bern. )  T,  microcar- 
pium  (Mart.) 

SlUlingia  sebijfera  {Croton  «e6i/(5rtxm,Linn.) 

Cocoa  nud/era;  C.  butyracea. 

Cotton  seed  oil  by  chilling  and  pressing. 
Irmngia  barteri  (Hock.)    Mangifera  gabo- 

nensis  (Aubry  Lc  Comte). 
Rhus  siiccedanea   (Linn.);    B.   acuminata 

( De  C. ) ;  i?.  vemicifera  (De  C);  R.  juglan- 

difolia  (Don).     R.  sylvestris  (Siebold). 
Vateria   indica  (Linn.)  ;     V.    malabarica 

(Blum.);  JSlceocarpus  copali/erus  (Retz.) 
Myrica  cerifera,  and  several  other  species 

of  myrtle. 

(Thumb. ) ;    M.  sebi/era  ( Virola  sebifera) ; 
M,  otoba  (Humb.  and  B.);  M.  octiha  (M. 
ucuba,  M.  bicuJiyba);  M.  malaharica, 

Elaia   guineensis  (Jacq.)  ;  E.  melanococca 
(Gaert.);  Alfonaia  oleifera  (Uumh.) 
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Similar  solid  or  semisolid  vegetable  fat€  are  also  faraiahed  by  ihf 
following  trees  and  plants  : — 

Nepfhelium  lap^Hiccnni  (Linn.);  indigenous  to  Sunda  Island, 
Malacca,  and  some  parts  of  China,  The  seeds  furnifih  **Rain- 
butan  tallow/*  melting  at  about  65°,  the  solid  stearine  of  which 
is  chieHy  the  glyceride  of  araehic  acid;  a  little  olein  is  aIso 
present  (Oudemanns), 

Carajm  giti/ammsU  {(\  tftthiMnsis)  and  C  indiea  (or  C  ttio/iic- 
ccfwijf) ;  found  in  Braxil,  Guiana,  Guinea,  Sierra  Leone,  IndlA, 
Ceylon,  kc.  The  seeds  of  these  two  species  furnish  "  Carapa  fat" 
(otherwise  designated  **  Andiroba  fat,"  "Coundi  oil,"  **  Crabwood 
oil/'  *' Touloucoona  oil/'  tkc),  possessing  a  composition  akin  ta 
that  of  palm  oil — i.e,^  consisting  chiefly  of  the  glyceridea 
palmitic  and  oleic  acid.  It  usually  possesses  a  sickly  perriisteni 
odour  almost  impossible  to  get  rid  of  The  coloured  natives  tufli 
it  largely  aa  an  unguent  and  insectifuge  for  the  head,  its  pi 
perties  in  tliis  respect  being  apparently  due  to  an  admixed  biti 
principle  termed  ^arapln, 

Mafitreira  oleifera  (Bert.)  or  Trichelia  fimHica  (Vabl.)     Thia 
tree  grows  in  ^lozambique,  and  about  Kamljesi  and  the  Wliil 
Nile  ;  by  crushing  the  seeds  and  Ijoiling  with  water  a  fat  kno' 
as  ^^  Mafura  tallow  *"  is  obtfiined,  much  resembling  cax:ao  butti 
melting  at  42^,  and  cbiedy  consisting  of  pahnitin  and  i»lein. 

€%Thipfti/ifiirn  inopki/Uum  (Linn.),  indigenous  to  India  and  the 
Malay  Archipelago,  and  C\  calalKf^  found  in  the  Antilles,  yield 
respectively  **  Poona  fat''  ("  poon  seed  oil  *')  or  ** Tacamahae  fet"" 
and  **  Calabar  oil/'     The  former  is  also  known  by   variuus  ut)i< 
names  (t^ide  p.  ^91). 

Lauriifi  nohiiig,  found  largely  in  Southern  Europe  and  J 
yields  *' laurel  butter'*  (**  bay  berry  fat"),  largely  ctmsisting 
the  glyceride  of  lauric  acid,  along  with  a  Uttle  myristin  nsui 
other  homologues,  and  some  olein,  A  similar  product  is  obtained 
from  L,  persea  (hinn.)  or  Per  lien  ffratu^unn  (Gaert.),  the  Alligator 
pear  tree  of  Brazil  and  the  West  Indies  ;  known  tvi  **  Alligator 
pear  oil/'  **  Persea  fat/'  and  "  Avocado  oiL" 

In  addition  to  these,  a  large  number  of  more  or  leas  hard 
vegetable  fata  and  tiillows  are  *_»btaina)»le  fi^mi  other  sou 
concerning  the  chemical  constitution  of  which  little  or  nothi 
is  known;  thus  *' Malayan  tallow"  and  *' Borneo  tallow 
solid  fats  obtained  from  the  nuts  of  various  species  of  Hopea 
Java,  Sumatra,  and  Borneo,  An  analogous  product,  **Sierr» 
I#eone  butter,"  is  obtained  in  Sierra  Leone  from  PetifademnA 
hutyracm.  *^  Goa  butter"  (**  Kokmn  Imtter  "  or  "  Mangosteen 
oil  ")  is  a  similar  fat  obtained  in  the  East  Indies  from  the  seedi 
of  Oarcinia  intiica  {MntujoMf^rttu  indu^ay  The  allied  specie* 
G,  pictoria  or  gamlK>ge  tree  furnishes  *' gamboge  butter,"  T\\^ 
seeds  of  Pfmgamia  fffahra^  another  East  Indian  shrub,  furnish 
"  Korinje  (Karanja)  butter,"  "  Poondi  oil  "  or  '*  Ponga  oil,"  soma^j 


had 

ars  ^ 
mill     I 
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vliat  more  readily  fusible  than  nifjst  of  the  vegetable  fats  and 
lUowa,     "  Macaja  butter  "*  is  derived  from  the  edible  fruit  of 
Cocos aculenta  (Acromia sclerocnrpa^  Mart.;  liacfru  i?iim/?% Gaert.), 
'ttdigenous  to  Brazil,  Guiana,  and  the  West  Indies.     In  Java  a 
it  much  resembling  coker  butter,   '^tangkaUak  fat,"  is  derived 
om   the   Cylicodaphne   Ht'bifera.      Semisolid    fats    are    obtained 
om    the    Cawiriuni  commune   of  the    MoluGca«    and    Malabar 
(•'Canary  oil,' ^  *' Java  almond  oil  ")  and  the  butternut  tree  of  the 
Brazils  (Rhizobolu&  hutyroaa;  the  allied  Bpeeies,  R.  ftmi/fjtiaJi/ern 
tCajyocftr    bramUen^ia)  and    (^Tn/ocar    ffj}uento.Httm^    respectively 
rnish   '*  Caryocar  oil"  and   '*  Bawarri  (or  Souari)  nut  butter." 
8oap  tree  of  Bengal,  Soutbeni  India,  and  the  West  Indies 
ifultts  emaryimtf^ittt  KoxIj.;  f^.ttfjhliiftiis^  Linn.;  S.lauri/oliaf 
Tahl.),  furnishes  a  fruit  rich  in  saponin,  and  also  yielding  a  semi- 
DUd  fet.     **  ^laecassar  oil  "  is  a  semisolid  tat  obtained  from  the 
woedB  of  Sehleiciit^ra  fnjufja  ;*  and   '*  Piquia  oil''  ("  Pekea  fat") 
a  similar  product  from  r*;k^a  bnlyrvinf  antl  P,  tematrft^  found 
I  Guiana  and  the  Antilles.     MfHa  ttzMarnch  (Linn.),  the  **pater» 
DOster  tree''  of  Syria,  >i'orthern  India,  and  the  Decean,  Jtc.  (so- 
died  from  the  employment  of  its  stones  in  It^dy  and  elsewhere 
or  tnaking  rosaries),  also  known  as  Meiia  ifitilva  (Brand,)  and 
izadirachin  indmt  (Joss.),  furnijihes  a  very  similar  semisolid  fat, 
Qown    as    *'Zedrach  oil,''    *'Margosa  oil,"    *' Veppam   fat,"   or 
"Kinib  (or   Neem)   oil"      *'Niam    fat"    is   derived   from   the 
Lcjfhira  alata,  foynd  in  Eastern  and  Western  Africa.     ^'  Chaul- 
Dioogra  oil"  is  a  soft  fat  fusing  at  about  17' C,  obtained   from 
ae  seeds  of  (Jt/nocardin  odorala   (Chanlmoofira  odoraia)^  much 
sed  in  India,  China,  and  elsewhere  for  medicinal  application  to 
ae  skin.     ** Soudan    butter''   is  a  soft  fat  obtained   by  boiling 
kith  water  the  seeds  of  Vilelhiria  pamdojir^  or  Soudanej^e  butter 
plant;  a  similar  product  is  obtained  in  Cochin  China  and  Japan 
[>|]i  the  seeds  of  S^lti/era  gludfiom  (7'etrtfnf/i^i-it  kiitrijttfuf^  J  acq,) 
The    seeds  of   (JuuH^ar/WJ^  bacolm   and    (Al    /mffTUyr^    of  Central 
kmerica,  yield  by  similar  treatment  a  soft  fat  known  locally  aa 
'  Comou    butter,'*     **  Para  butter"  or  *'Assai  oil'*  is   similarly 
btained   from  the    Assai    f>ahn  {Euterpe  oferucea),   common  in 
Jraiil  and  the  neighbourhood  of  Para.     ^^  Che  qui  to"  is  a  fatty 
ibstanee  obtained  by  the  Kaffirs  of  Southeast  Africa  from  the 
I**  butter  tree,"  t'ond/?*efmn  Indi/raeeum,     The  seeds  of  CoeculuM 
indicus  contain  a  solid  fat,  extracted  and  used  by  the  natives  in 
India,  but  apparently  not  yet  known  commercially  ;  similar  pro- 
ducts are  obtained  from  the  fruit  kernels  of  Lucmnu  honjdmidi 
in  Mexico,  and  the  Ochoco  (Dryolfidanops)  of  Guinea. 


•  Also  from  the  ole&dnouB  fruit  of  tStadttiannia  (Cupania}  Suleroxyton, 
Igrowing  iu  Suodu  aud  Timor  laland^,  aud  from  the  aeedn  of  the  ealHower 
YiCarfUamvM  fincforit*a} ;   other    viirietieB   of   eocallwi   **MacaMor'*  oil  nr© 

■ply  more  or  le»H  lluid  oila  in  which  odorous  flower»,  Ac,  have  bci?ii 
•ted  M>  A8  to  tcciit  thvm. 
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In  addition  to  the  above,  a  large  number  of  other  i 
Tegetable  fats  exist  in  different  parts  of  the  world,  the  kn 
of  which  is  as  yet  chiefly  confined  to  the  natives ;  there 
however,  be  little  doabt  that  in  due  tinie^  as  civilisation  advances 
^aid  opportunities  for  export  and  manufacture  l^ecome  mo« 
fretjuent,  many  uf  these  little-knoisTi  products  will  be  found  to 
be  uf  considerable  value  as  sources  of  olea^iCinous  materijiL 


GLASS  IX.— ANIMAL  FATS— TALLOW,  LABD,  AND 
BUTTER  CLASS. 


Almost  every  known  animal  is  capable  of  yielding  mure  or  la 
considerable  amounts  of  fatty  matter  by  appropriate  treatmen 
but  in    practice,   ci>mparatively  few   are    actually   employed 
sources  of  fat,  apart.  fix>m  their  consumption  as  food.     The  soli 
fat  of  oxen  and  sheep  (known  as  taUow  or  suet  when  derived  from 
the  adipose  ti!<i*ues  of  the  body),  the  grease  extracted  from  tb^ 
hcK>fs  (neat's  Joot  oU,  sh^fp^a  trotter  ot7),  and  that  obtained  bj 
boiling   the   bones   {Itone  grease)   are    closely   akin    in    geuen* 
composition,  except  that  the  latter  are  softer  in  character,  chii " 
because  containing  a  larger  proportion  of  olein,  and  a  sualk 
amount  of  solid  glycerides.    The  latty  matters  (buttei-s)  contained 
in  the  milk  of  cows  and  ewes,  on  the  other  hand,  have  a  couip 
tit*n   materially  different  from   that  of  the   fat*5  present  in      _ 
adipose  tissues  of  the  body  ;  and  the  same  reumrk  applies  to  tbt 
milk    fat«  of   all    other   luammalia,   so   far   as    they   have  lieen 
examined.     In  general,  the  milk  fats  of  various  animals  ilo  nut 
differ  very  greatly  in  character ;  thus,  the  butters  derived  frum 
the  cow,  ass,  ewe,  goat,  elephant,  hippopiit^mus,  sow,  mare,  and 
woman,  appear  to  be  as  closely  akin  as  are  the  more  or  less  solid 
tidlowH,  greases,  and  suets  olitainable  fr*)m  the  bwly  tissues  of 
these  various  animals ;  but  whilst  the  latter  fat^  are  all  essentially 
mixtures  of  the  liquid   glyceride  of  oleic  acid,  and    the  solid 
glycerides  of  stearic  and  jwilmitic  acids  (the  liijuid  constituenti 
being  present  in  larger  quantity  in  the  softer  fats,  like  lard),  tfcf 
former  fats  contain  a  c»msiderable  amount  of  the  glycerides  of 
acids,  also  of  the  stearic  series,   hut  of  much   lower  molecular 
weight  than  palmitic  acid.     Similarly,  the  milk  fat  of  the  whal^" 
is  not  widely  ililTerent  from  that  of  the  cow,  although  the  oil  of 
whales*  blubber  dillers  nuuJi  from  suet  in  comp)sition. 

The   fats   obtained  from   the   caraiaes   of  birds  (gix>se  ^rnssn^, 
turkey    fat,    pheasant   grease,   itc*)   appear   to    be   subs  tar 
similar  to  the  softer  Ijody  fat^  of  marurnalia  in  general  ct»ii  , 
tion,  essentially    consisting  of  oleiri,  with    enough    stearin  and 
palm i tin  to  render  tlieni  semisolid  at  the  ordinary  temperature; 
the  oleaginous  loatter  contained  in  eggs  (<<«^.,  hen's  eggs)  is  softer 
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and  consists  of  olein  and  pa!mitin,  together  with  other 
nces  foreign  to  the  oil  proper  (vidti  p.  121). 
Various  reptiles  (ttirtleH,  erucrKliles,  ttc.)  are  utilised  in  ditferent 
of  the  wo  rill  as  sources  of  o  leap  no  us  matters »  apparently, 
the  most  part,  closely  akin  to  the  fats  of  the  inamnialian 
brates ;  on  the  other  hand,  the  oily  matters  derived  from 
are  diifereiilly  constituted  (Mftprff,  p.  292). 
Tht*  following  list  includes  the  more  iiii  port  ant  solid  or  semi- 
•lid   animal    f&X%  apart   from   those   derived   from  fishes   and 


■jtacea 


Xaine  of  FaL 


I 


SouFoei. 


Batter  (cow*s  milk  fat). 
Batter  substitutes  (buttering 
^m&rgarine,  oleoiaargELrlne), 

%ggoil 


iile  fat  (alligator  fat), . 


_oil 

GfKwe  grease, 

Horse  grea^  (ii\are*a  grease), 

LadJ, 

Tallow 

Taiuiery  grease,  kitchen  grease, 

wool  grease, 


Bones  of  oxen  ami  horses,  ic,  extracted 

by  boiling  or  by  solvents, 
Dotuestie  cow. 
The  aofter  portions  of  the  fat  of  oxen 

and  ahewp,   &c.,  scpftrated  by  special 

processes. 
Indian  crocndile  and  oonimon  alligator 

iAlti*jaior  Ihciiia), 
Yolks  of  hen's  egg.s  (GaUus  do7nfstiais)^ 
Common  gooae. 

Horse  carcases  {Eqttim  cabaUns), 
Common  hog. 
Ox,  sheep,  goat,  &:c. 
Animal  greases  fronL  various  kinds  of 

trade  refuse. 


In  addition  to  these,  the  fat  of  the  alpaea  is  used  to  a  con- 
siderable extent  in  some  partn  of  South   America;  that  of  the 
:  in  continental  Europe,  tliat  of  the  hipixifKvtamus  in  Africa,  and 
&t  of  the  turtle  in  the  islands  of  the  South  Paeific,  Brazil,  and 
ag  the  South  American  coast.     The  last  is  sufficiently  tluid  in 
[tropical  or  Hubtropical  climate    to  be  used  as  a  burning  oil. 
■'h  grease  was  at  one  tii^e  highly  esteemed  as  a  pomade,  but 
[now  mostly  superseded  by  other  forms  of  clarified  fat.     Many 
aer  animal  fat^s  are  also  used  locally  in  different  countries  to  a 
iter  or  lesser  extent,  but  as  yet  are   not  ai/tieles  of  regular 
le.     When    the    solid    or    seniisulid    fats    of    this    class    are 
bjected  to  expression,  the  liquid  animal  oleines  of  Class  IV. 
-e.g*f  lard  oil,  tallow  oU,  Arc. 


CLASS  X.-^ANIMAL  OILS— SPERM  OIL  CLASS. 


The  blubber  oils  included  in  Class  A^II.  (\vbale»  seal,  porpoise, 
l)  differ  frtm\  those  Wlonging  to  this  class  essentially  in  that  they 
dsist  chiefly  of  fatty  glycerides ;  whereas  the  oils  now  under 
asideration,  whilst   not   invariably  free  from  glyceridic  con- 
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«ikri 


&nlr; 


kflffing  fx>natituent5,  an  enr 
being  erimpaund  »" 
latty  ac*iris,  analogT»u%  \t* 
In  generaJ,  two  kinds*/ 
I  ctbers  mppmr  Va  be  firesent  simultane^.iusly—oii^ 
,  oorreq»nding  witli  the  olein  fi 
otlSft  and  eooastiiig  of  ethers  of  acicb  of  tiie 
tilt  otlier  solid,  ^orrespcMidiiig  with  jsle^rixi  cf 
irnMiriitlug  of  etlwrs  of  acids  of  the  acetic  hm\\\ 
l«il  aft  a  Tt^geCafale  oil  on  diilliwg  deposits  solid  matter  vi  the 
alecrai  cbaracter,  reaifilj  aepar&ble  bj  filtration  or  straining,  ^ 
floea  a  blabber  oil  of  the  sperm  cUss  siiuilarly  depj^it  solid 
ajataOiaalila  aittttery  getkerally  the  substance  known  as  fprrmoaii 
(aaialj  '^"ni^ftlTiig  of  eelji  palmitate);  the  liquid  portion 
Iratt  tina  deposit  appear  to  be  mixtures  not  onlv  of 
of  diHepaat  hooiologous  acids,  but  tx\m  <if 
fti  hoMoioyai  alodbob,  aonie  of  which  belong  to  the  ethylic 
y  vlulai  odiiera  are  ^iparentlv  horoologues  of  acrylic  alcohol, 
\  of  fTiiliiniag  vith  iodine,  like  the  unsaturated  adds,    la 

these  liquid  oib  yield  Ijii 
1  of  {wodods  isaoluble  in  water,  but  »oluble  in  rtbeft 
^fccL,  caonstttixig  of  niixtvires  of  the  alcohols  formed  during  siip>m< 
fioatfeOQ ;  m  orcmustaoce  sharply  distinguishing  them  from  tb^ 
glyceridic  oils  of  Claas  VII.,  which  yield  only  compamtivelT 
small  quantities  of  iui^M>iiifiable  matters  insoluble  in  water, 
dueflj  ooQsistiikg  of  cholesterol  and  similar  substance-^ 

On  accoant  of  the  presence  of  compound  ethers  of  the 
fiunily,  oils  of  the  sperm  class  become  more  or  less  solidi^ed  h 
nitrous  acid  in  virtue  of  the  elaidin  reaction ;  with  Maumene 
test  (p.  147)  they  develop  but  UttJe  more  heat  than  olive  oil 
being  thus  sharply  distinguished  from  must  fish  oils  of  Class  VII 
which  give  a  much  greater  heat  evolution  (pp.  149,  150),  Th( ' 
peculiar  compound  ether  composition  largely  raises  the  saponil 
cation  equivalent. 

The  physicjj  characters  of  this  class  of  oils  also  ai**^  peculiar 
virtue  of  their  unusual  constitution  ;  thus  their  efflujc  visscoait] 
(p.  101)  is  much  le^ss  influenced  by  variation  of  teinjierature 
is  the  case  with  tuost  other  oils,  whence  their  value  as  lubricani 
for  special  purposes.     Their  specific  gravity  is  low,  usually  ooi 
siderably  below  '900,  near  880. 

The  principal  oils  of  tliis  class  are  as  follows  i — 


oteiej 


thaaj 


y«itie  or  ou. 


Sperm  oil. 


Docgllng  oil   (Arctic   sperm 
oil  or  true  Viottlcnose  oil). 


Phytieter   marroctphaiu$,    L.    (OcImJoC 

wbale). 
Hypet  6odon  ronimtus  {Balffna  roAfnildlb 
or  true  Iwttlenose  whale*  //.  Bidmtk 
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"Viurious  other  toothed  cetaceans  also  furnish  oils  containing 
permaceti  in  sufficient  quantity  to  separate  out  in  the  solid 
tate  on  chilling  and  standing,  more  especially  the  oil  from  the 
X»ttlenose  dolphin,  Delphimis  globtcejys^  which  appears  to  be 
lasentiaily  intermediate  in  character  between  the  almost  wholly 
^yoeridic  and  largely  valerin-containing  oil  from  the  common 
porpoise,  and  the  mainly  compound  ethereal  sperm  oil  of  the 
Buchelot  in  which  only  small  amounts  of  valerin  are  present. 


CLASS  XL— VEGETABLE  NONGLYCERIDIO  WAXES. 

Several  species  of  plants  are  known,  the  berries,  leaves,  stalks, 
Ac,  of  which  are  naturally  covered  with  a  waxy  exudation  closely 
akin  in  its  origin  to  certain  of  the  more  solid  vegetable  fats,  but 
differing  therefrom  in  being  essentially  nonglyceridic  in  character. 
Of  theae  substances  the  principal  are  as  follows : — 


Nuine  or  Wnx. 


OMmaaba  wax, 
Cowtree  wax. 


Corypha  crriftra    (Linn.);    Copemicia 

cerifera  (Mart.) 
Galactodendron     americaum     (Linn.); 

(O.  tUiie,  Knnth ;  BroHimum  gaUacto- 

dendroHf  Don.) 


In  addition  very  similar  products  are  obtained  from  several 
€ither  sources — e.g.,  Petha  wax,  from  tlie  l)loom  on  the  Indian 
white  gourd  (Benincasa  cerifera) ;  Fig  unx  (Getah  wax),  pre- 
pared in  Java  and  Sumatra  from  Ficus  umbellatn  and  F.  cerifera 
(Blame) ;  Palm  loax  (Ceroxylin),  largely  used  in  Brazil,  from  the 
common  wax  palm,  Ceroxylon  andicola  (Humb.),  and  the  Klop- 
stock  palm,  Klopsiockia  cerifera  (Karsten) ;  and  Cordillera  wax 
from  the  Cordillera  waxtree  {Elasagia  utilis. 

These  products,  however,  do  not  seem  to  have  been  submitted 
as  yet  to  full  chemical  investigation,  so  that  it  is  not  certain 
whether  they  are  true  vegetable  waxes  of  nonglyceridic  character, 
or  simply  vegetable  fats  of  waxy  texture  analogous  to  socalled 
Japanese  wax.  Comparatively  little  of  these  various  kinds 
of  vegetable  waxes  is  as  yet  exported  to  Europe,  most  being 
used  for  candlemaking,  kc,  in  the  countries  where  they  are 
indigenous. 

CLASS  XIL— BEESWAX  AND  SPERMACETI  CLASS. 

The  nonglyceridic  waxlike  compound  ethers  of  animal  origin 
used  to  any  extent  industrially  are  but  few  in  number,  the  prin- 
cipal being  as  follows : — 
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Name  of  Wax. 


Beeswax  (ordinary  be<sswar, 
^udjhqiua  wax,  Antilles  wax, 
Africaa  beeswax,  Abyssmian 
beeswax,  &&), 


Chinese  wax  ( Peh-la  or  Pela), 
Indian  wax  (Arjun  wax)»      ,     , 
Niin  fat,       .... 
8perTnacetif  .... 
WiiolgFeaeey 


Aph  mdli/erct,  or  camtnon  bee.  Nouier' 
oas  allied  species  exist,  tnaziy  of  whicb 
are   also    wax    producer»^€,^.,    -4^ 

fnscia/a  { Mcllpona  foMciata),  or  South 
American  bee  ;  ApU  unicolor,  or  Mada- 
gascan  bee ;  A  piA  d^yrmUa^  of  the  Eisten) 
Arcbjpelsgo.  Tbe  common  wasp  ind 
other  allied  ;zenera  are  also  wax  pr»- 
duLLTs  to  a  limited  extent. 

(7oecu««tneM«i«(CocctMpe4<r,  C.  cAsseastt). 

CfToplcuiUJi  ceri/trttt. 

Coccus  adipqftra. 

Physettr  ftuierocephcUut, 

Katoral  grease  (inspisaatodiKn^inlloii) 
of  tbc  common  sheep. 


CHAPTER  XIV. 


i»e. . 


PRINCIPAL  USES  OF  OILS  AND  FATS,  &c. 

TnB  dassi^cation  d^?sc^ib€^d  in  the  previous  chapter  is  maiiilv 
based  on  the  physicjil  and  chemieiil  characters  of  the  natuni.1  fixed 
oils  and  allied  sul>staiices  ;  from  the  jMjint  of  view  of  their  Icodifi^ 
practical  nses  they  may  he  cuiiveuieiitly  con.sidered  under  one  or 
other  of  the  fullo^ii-in;^  six  heads  :— 

L  Subat^inces  used  for  edible  purposes,  including  cooking  and 
preservation  of  forxl  {e.ff,,  sardines). 

2.  Fluid  oils  emphiyed  fur  burning  in  lani]>s  or  otherwise. 

3.  Substances  furnishing  solid  inaterials  for  candJemakin 

4.  Substances  used  in  die  nianufactui'e  of  soap, 
fj.  Drying  oils  employed  for  piint  manufacture  and  in  the  pfP- 

paration  of  varnishes,  linoleum,  and  such  like  products 

6.  Substances  used  for  miscellaneous  purposes;  more  espeeiall 
a&  lubricants  or  ingredients  in  lubricating  mixtures;  forcurryio^ 
leatlier,  dressing  cloth  and  textile  fabrics,  and  similar  purpu*»es5 
as  oil  baths  for  tempering  metals ;  as  solvents  for  odortms  mattcn 
in  the  piT^cess  of  eiijlenntfje  in  perfumery  manufacture ;  for  th 
preparation  of  unguents,  pomades,  cosmetics,  ttc. ;  in  the  manti 
^LCture  of  sealing  wax  and  analtigous  compositions  \  and 
niinierous  minor  uses  in  the  arts  generally. 

Of  these  six  groups,  Noa.  3  and  4  are  sepanitely  conskier«>d  i 
§6  and  %1  (candle  and  soiipmaking,  including  glycen* 
tion) ;    with  respect   to  tlio  other  uses,  some  few  poii. 
special  intei-est  from  the  technological  point  of  \iew,  hi  coiiikriin 
with  which  the  cjuestion  of  purity  and  freedom  from  adulteruliu 
with  inferior  materials  is  frequently  of  prime  imptirtance. 


CDIBLE  OrtS   AND   FATS, 
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EDIBLE  AND  CULINAKY  USES  OF  OILS, 
FATS,  J:c. 

Fatty  matters  of  various  kinda  are  iug^redients  Lti  mast  kinds 
ribod  stulis  in  common  use  Uv  a  greater  or  lesser  extent;  thus 
from  suet  and  tfie  adipose  tissues  interleaved  Mntli  the 
i**  of  most  kinds  of  aiiinial  meat,  jnost  vegetable  seeds,  nuts, 
'^  other  edible  produce  eont-fiiii  more  or  less  considerable 
intities  of  oleaginous  matter;  sometimes  to  an  extent  suffi- 
Btitly  large  to  admit  of  oil  being  extmctefl  by  pressure  (*?.(/., 
bves^  walnuts,  liazelnuts,  «kc.),  sometimes  unly  in  smaller  quan- 
'ly,  80  that  a  solvent  (ether,  A'c)  is  requisite  liefure  the  presence 
"  oil  can  be  tlemonstrated.  When  thus  trfated,  however,  e^'en 
Bch  suljstances  iis  wheaten  tlour  and  cereal  prfKluce  generally, 
e,  and  dried  vegetables  can  be  shown  to  contiiin  small  quan- 
ties  of  oleaginous  ingredients. 

Apart  from  the  consumption  of  oily  matter  for  food  in  fonns 
these,  large  quantities  of  separately  extracted  iatty  sub- 
are  habitually  used   as   edibles    liy  iMjth   civiliseAl   and 
civilised  races — ejf.,  *^salad  "  oils  employed  for  **  dressing ''  raw 
etaViles  and  otherwise  as  food  materials  ;  more  or  less  purified 
ad  rendered  animal  fats,  especially  dripping  and  lard  ;  and  the 
matter  of  ciiw's  milk  (butter).      In  ciild  climates  seal  and 
i  oil  are  eagerly  partaken  of  by  the  natives  as  heat  gen  crating 
whilst  a  lump  of  tallow  is  a  delicficy  ;  elsew  here  fish  pre- 
rved  in  oil  (/?.//,,  sardines),  or  ccjoked  in  hot  oil,  pastry  containing 
atter,  suet  puddings,  and  numberless  other  viands  mto  the  com* 
sition   of  which   more  or    les^s  oleaginous   matter  enters,   are 
reryday  articles  of  diet. 
With  the  exception  of  actively  medicinal  oils  (such  as  crotonajid 
Mtor  01  fs)^  the  great  bulk  of  natuiTil  glycerides  are  suitable  as 
material  for  cattle,  especially  w  hen  used  wdthout  separation 
3m  the  other  vegetable  matters  naturally  accompanying  them. 
in^ed  cak*^  (crushed   linseed    sul»jectc<l    to    pressure  so   as  to 
cpress  most  of  tlie  oil),  and  sinnlar  substances  from  other  kinds  of 
,  itc,  are  w^ell  known  C4ittle  foofls,  the  value  of  which  largely 
spends  on  the  amomit  of  resiflual  oil}-  matter  left  in  the  mass. 
Waxes,  un  the  other  band,  are  but  little  adapted  for  nutritive 
irpo^e^  ;  thus  beeswax  (even  when  eaten  along  with   honey) 
noatly  passes  unchanged  tlj  rough  the  alimentary  canal,  and  is  not 
dilated  at  all,  either  by  human  l>eings  or  other  mammalia. 
In  the  preparation  for  tiible  and  culinary  use  of  oils  and  fats, 
ite^  hut  little  treatment  of  a  technical  nature  is  usually  requisite, 
the  chief  points  requiring  attention  l>eing  good  quality  of  the 
raw  material,  and  cleanliness   in  the  treatment  to  which  it  is 
Libjected;  thus  the  excellence  of  the  butter  ]»repared  in  a  given 
liiy  chiedy  depends  on  the  qHabty  of  the  milk  from  which  it  is 
eparated,  and  the  care  and  cleanliness  employed  throughout  the 
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process.  Very  similar  remarks  apply  to  the  preparation  of  the 
liner  ipialities  of  r«?fmeci  lard  inteotlLMl  for  focnl,  antl  the  ordiu* 
ary  kitehen  opera tioiLs  of  clarify ing  dripping,  ite.,  and  to  the 
extraetiaii  of  vegetahle  oils  geiiorally.  As  alreifcdy  describedi 
**  virgin"  oils,  and  '*  tirst  runnings"  are  generally  prepared  from 
dioicB  oil  Hources  (olives,  ariichis  nuts,  ie.)  by  gentle  pressure 
without  heiit,  somewhat  c*>ai*8er  grades  being  subsequently  ex- 
pressed by  stronger  pressure  and  heat  combined ;  refining  by 
agitiition  with  water,  subsidence,  and  straiinng,  Ijei ng  usually 
preferred  tt»  processes  involving  chemical  treatment-  In  some 
parts  of  Russia  and  Kastern  Europe  much  coarser  oils  are  con- 
sumed by  the  peaHantry  than  are  usually  similarly  employed 
amongst  either  Western  Nations  or  Asiatics  ;  hempseed,  poppy 
seed,  and  linseed  oils,  often  somewhat  crudely  extracted,  being 
largely  usetl  as  cooking  oils.  Of  late  years,  however,  sunflower 
seed  od  hfis  to  a  groat  extent  superseded  these  coarser  oils  ;  whilst 
in  Western  Europe,  America,  txtul  many  other  parts  of  the  world, 
cotton  seed  oil,  expressed  by  the  hydraulic  prcjcess  described 
in  Chap,  rx.,  aufl  subsequently  retine*l  liy  Ixiiling  with  alkalieii, 
ifcc,  is  now  very  largely  employed  for  many  purposes  for  which 
formerly  only  olive  oil  was  used,  or  the  lietter  grades  of  arachls 
oil,  sesame  oil,  and  similar  high-class  substances  ;  the  resttlt  of 
proptirly  refining  a  faij*  ([uality  of  raw  cotton  seefl  oil  being  to 
produce  a  light  coloured  pleasantly  tasting  wholesome  product 
eminently  well  adaptetl  for  frying  fish  and  such  like  cooking 
operations.  In  connection  with  this  the  following  table  by 
Griiiishaw  is  of  interest,  showing  the  way  in  which  a  ton  of  seeds 
is  practica,lly  utilised  : — 


ColtoQ  seeds  ^  2000  pounds. 


4 


About  iaS9  lbs.  of  "  MeaU  "       About  2D  Iba, 
or  decorticated  aeeds  ready  of  Lint, 

for  crush  ing 


About  HOO  lh». 

Oilcake  used 

for  cattle  feeding. 


Summer  yellow  (relined)* 

After  chilUog  And  tiiterpresftiiig,  &c,, 

this  yields 


About  289  lb».  of 

Vrndf  oil. 

After  refining  tliia 

yielda 

\ 


About  891  Ibji.  of  •*Hall»"' 
ultiniAtely  eeparated  into 

Bran  used  for  cattle  food. 

Filirt  uaed  for  high  clius 
papentuLkiog. 

Fuff,  the  ashes  of  which 
form  oil  eiccetlent  fer- 
tiliser. 


Foot4> 
lued  for  aoftimuikiojc,  &c. 


Winter  yellow. 


Cottoo  leed  itoArine. 


VEGETABLE    LARD. 
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"     Cotton    Seed    Stearine   (Vegetable    Margarine). — When 
cotton  seed  oil  is  chilled,  a  portion  solidifies  iis  sulid  glycerides ; 
when  theye  are  sepiirate J  by  *'  1  laggiog ''  or  the  use  of  a  filterpress 
(p»  229),  andsulistequently  subjected  to  hydraulic  presiiure,  a  com- 
pletely solid  fat  results*     The  more  solid  substances  thus  obtained 
are  largely  used  as  iii^redietits  in  artificial  butter  ;  the  physical 
characters,  and  especially  the  melting  point,  vary  somewhat  with 
the  extent  to   which  the  expression  has  been  carried  ;  usually 
cotton  «eefl  stearine  in  pressed  s*j  as  to  melt  at  a  little  abrjve  30  . 
^^      Amongst    the    Hindoos    and    others    whose    relijs;ious    behels 
^■breclude  the  use  of  animal  fats  for  edible  and  cooking  purposeSj 
^H^  large  siile  now  exists  for  purely  vegetable  fats  of  buttery  con- 
^Hptstenee    (vegetable     lard)  ;    the    process   of    semisolid    stearine 
^^tx  tract  ion  from  vegetable  oils  (such  as  cotton  seed,  cokernut, 
and  many  other  native  oils)  is  conset[uently  somewhat  largely 
adopted    for    the    purpose    of    meeting    this    demand ;    quite 
irrespective  of  the  illegitimate  use  of  these  products  for  purely 
adulterative  purposes  in  reference  to  more  highly  priced  animal 
,       fats,  especially  butter  and  lanL 

^^L     Another  substance,  improperly  called  cotton  seed  stearine,  is 
^^mbtained  by  distilling    with  superheated    steam    the  mixture  of 
^H>rganic  acids  formed  when  a  mineral  acid  is  made  to  decompose 
^^^e  "  ftj<jts  **  obtained  during  the  process  of  refining  cotton  seed 
oil  by  alkalies  (p*  21)1),  and  pressing  out  the  ^'oleine"  from  the 
distillate  after  cooling  and  solidification.     Pnulucts  of  this  kind 
itp|>ear   to  contain   a   large   amount  of  iinsaturated   solid   fatty 
acids,  possibly  isoleic  acid   (p.  29).       A.  H,  Allen  found  that  a 
I       *' stearine''  of  this  kind  had  the  sp'^cific  gravity  0"868  at  OO", 
'       and  melted  at  40',  whilst  the  iodine  numlier  was  89*0  ;  the  theo- 
retical value  for  pure  isoleic  (oleic)  acid  l>eing  90' 1. 

Becent  Cultivation  of  Sunflower  Seeds  in  Buseia.— Of 
late  years  the  oil  obtained  in  Russia  from  sunllower  seeds  has 
very  largely  displaced  the  otlier  cooking  and  table  oils  (chiefly 
poppy  and  hemp)  in  popular  estimation,  and  the  cultivation  of 
Lthe plant  has  increa'^ed  enormously;  with  due  care  in  tjie  drying 
ad  cleaning  of  the  seeds,  the  oil  first  expressed  is  et^ual  to  the 
st  French  table  oils  in  colour,  flavour,  arnl  taste.     The  shells 
arm  a  considerable  article  *>f  tnule  for  heating  purposes,  whilst 
the  st4dk8,  dried  in  piles,  are  jneferred  even  to  pine   wood  for 
producing  a  fjuick  anrl  hoi- flame   fire  ;    each    acre  yields  about 
2,000  lbs,  of  such  firewootl  and  some  l»3riO  ll>s.  of  oil.     The  ashes 
contain  mucli  potasli ;   1,000  lbs.  of  dried  stalks  yield  57*2   of 
-ash,  frf>m  which   alx>ut  tlTi  per  cent*  of  the  l:>est  potjishes  are 
obtainable.     The  oilciikes  are  looked  upon  as  the  best  in  Russia ; 
superior  t*)  either  hemp  or  rape  seed  cake ;  upwai^ds  of  2,OU0v0OO 
Ibe.  are  exported  by  the   Government  of  Saratov  alone.     The 
iseed  cups  are  used  a«  food  for  sheep.     In  the  larger  mills  the 
process  of  extraction  is  much  the  same  as  that  used  in  England 
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for  Unseed  and  rape  seed  (Cbap.  xi.),  the  shelled  seeds 
dtisted  an<l  crushed  to  a  paste  in  a  steam  lie/tted  %'eaael 
warm  paste  is  wrapped  in  camel's  hair  webbing,  and 
Out   of  1U4   oil   milk   in    Russia,    85   are   employed  i 
obtaining  sunflower  oil,  steam  being  used   in    24*  and 
labnur  unl}'  in  the  others  (Journ,  Sttc.  of  Art  s^  March  18,  II 
Manufacture  of  Lard*— The  fatty  tissues  of  the  hog 
properly  rendered  furnish  a  white  semisolid  grease  consi<' 
softer  tlmn  the  corresponding  fat  (tallow)  from  oxen  and  si 
chiefly  differing  therefrom    in  containing   more    olein  and 
solid  glycerides.     In  most  of  the  larger  American  hog  sli 
ing  factories  the  fats  from  different  parts  of  the  Ixidy  are 
separate  from  one  another,  each  being  treated  in  a  steam  remi«f' 
ing  pan  reserved  for  tliat  kiiid  only  ;  Em  that  diiferent  grades  irt 
obtained  of  consideral>le  constancy  of  character.     The  fat  frO« 
the  vicinity  of  the  kidneys,  and  the  *'leaf**  fat  front  underoMtb 
the  skin  furnish  a  superior  and  harder  lard;  whilst  the  fat.^  fr^ 
tainted  carcases  and  diseased  hogs,  being  generally  meh- 
all  together,  produce  the  lowest  grade.     The  finest  qual; 
usually  put  up  in  bladders,  and  the  other  sorts  in  kegs,  wh«?T»of 
the  terms  "bladder  iard"  and  "keg  lard"  are  respectively  appli^i 
Bladder  lard,  when  pure,  fuses  at  42''  to  45"  ;  keg  lard  at  ITS' to 
38",    according  to  its  quality  (Allen)»     The   particular  text©? 
exhibited  by  any  given  example  depends  largely  on  the  w»yffl 
which  the  cooling  and  soliditieation  of  the  fused  fat  was  r*'^  -**" 
the  texture  being  rendered  firmer  liy  stirring  fluring  s< 
tion,  or  subsequent  chilling  in  a  refrigerating  chandler,     r>'»ii2t 
times  water,  salt,   and  a  variety  of  other    weigh tgiving  lwitt^ 
terants  (such  as  Iceland  moss  and  starch)  are  stirred  in  for  ik* 
purpose  of  increasing  the  soHdity  of  the  mass.     Sodium  c^rliotint^ 
solution  thus  admixed  whitens  the  fat,  and  enables  it  t^" 
larger  proportion  of  water.     The  chief  sophistication  of  A 
lard  consists  in  subjecting  tlie  pure  lard  to  pressure  stj  i*4  tw 
express  *Mard   oil"  (p.  231),  and  then  working   up  the  n^i^trr 
with  cotton  seed  or  other  cheap  oil  so  as  ultimately  to  - 
mass  of  the  proper  consistency  and  texture;  beef  suet, 
tallow,  and   other   fatty    matters   being   often  ahio  int? 
A  test  at  one  time  much  relied  on  for  the  detection  ol   .., 
seed   oil    in    such    mixtures    was    Becchi's  silver    nitrate   trtt 
(variously  modified   by  different  chemists*),  depending  on  tJw 
reduction  by  some  constituent  of  cotton  seed  oil  of  silver  from 
silver  nitrate,  with   the  fontnation  of  a  brown  mass  in  a  w*/ 
not   observed   with    otber  fats»   «tc.;   but   latterly   it    has  lief» 
found    that    by   thoraughly   refining  or  otherwise   treat i    _   '^ ' 
cotton    seed    oil    this    constituent  is  tuostly  either   reni- 
altered,  so  that  the  presence  of  that  oil  is  no  longer  r 
with  certainty  by  silver  nitrate.     Sesame  oil,  eokemut 
♦Vide  Analyst,  18S7,  170;  ISKS,  m,  161,  tt  tteq. 


LARD. 


307 


and  similar  materials  are  also  used  as  admixtures,  generally 
along  with  more  or  less  harder  fat,  especially  "  beef  stearine." 

According  to  A.  H.  Allen  the  presence  of  any  considerable 
quantity  of  cotton  seed  stearine  or  coker  butter  may  be  detected 
by  the  effect  produced  on  the  relative  density,  melting  point, 
saponification  equivalent,  and  iodine  number,  as  indicated  by  the 
following  table : — 


Specific  gravity  at  \^--*  ♦ 

15*5 
Specific  gravity  at  37** '8    \ 
(=100^F.),t        .         ./ 
Meltine  point, 
Saponitication  equivalent, 
Iodine  number, 


L.irtL 


Cokernut  Butter. 


•860--861 

•903--907 

33**-45'' 

286'*-292'* 

59-62 


Cotton  Seed 
Stearine. 


•868- -874 

•910- -916 

20^-28" 

209''-228'' 

9 


•911- -912 

32'' 
285^-294*' 


The  percentage  of  water  present  is  determined  as  described  on 
p.  122 ;  substances  insoluble  in  ether  (starch,  limesoap,  &c.)  as 
indicated  on  p.  123.  Mineral  nonvolatile  matters  (lime,  salt, 
alum,  &c.)  may  be  found  by  incineration;  soluble  substances 
(salt,  alum,  <fec.)  by  agitating  thoroughly  with  hot  water  and 
separating  the  aqueous  solution  for  further  examination. 

Pure  unadulterated  lanl  has,  according  to  various  authorities, 
the  total  acid  number  192-197,  corresponding  with  the  saponi- 
fication equivalent  285-292,  averaging  about  289,  whence  the 
mean  equivalent  of  the  fatty  acids  is  about  277  (p.  1G5);  the 
average  value  directly  found  is  near  278.  The  iodine  number 
has  been  found  to  lie  between  50  and  64,  indicating  about  two- 
thirds  olein  and  one-third  palmitin  and  stearin  as  the  essential 
composition.  Traces  of  unsaponifiable  matters  (0*2-0-3  per  cent.) 
are  also  generally  present.  When  perfectly  fresh,  lard  contains 
only  minute  quantities  of  free  fatty  acids,  less  than  1  per  cent. ; 
larger  amounts  are  usually  found  in  stale  or  partly  rancid  lard. 

When  chilled  to  0  and  pressed,  lard  furnished  a  solid  stearine 
(sometimes  known  as  solar  stearine)  and  lard  oil  (p.  231) :  the 
examination  of  the  fluid  oil  thus  obtained  is  often  better  adapted 
than  that  of  the  original  lard  for  the  purpose  of  detecting  adul- 
teration ;  thus  admixture  of  cotton  seed  oil  largely  increases  its 
iodine  number,  and  interferes  with  the  formation  of  a  solid  elaidin 
(p.  137),  and  similarly  in  other  cases.  Still  better  results  are  ob- 
tained on  separating  the  solid  and  liquid  fatty  acids  by  IVIuter 
and  Koningh's  process  and  examining  the  latter  apart  (Chap,  xv.) 

Artificial  I«ard. — This  name  is  sometimes  applied  to  various 
mixtures  of  "  beef  stearine  "  (vick  hifra)  and  cotton  seed  oil,  or 
similar  hard  fats  and  vegetable  oils,  in  such  proportions  as  to 

♦  Water  at  IS'^'S  =  1.  t  Water  also  at  37'-8  =  1. 
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^^ive  a  pnxluct  passessing  the  oonHistency  <*f  genuine  IattI 
The:^e  subst^incos  are  less  fre<|uently  sold  under  namess  cleirii 
indicating  their  nature  than  used  for  admixture  in  larger  of 
smaller  proportions  with  genuine  lard  for  purposes  of  sopystt- 
cation.  According  to  some  writers  adultemtioos  of  tliis  kind 
are  betximing  much  less  common  than  they  were  a  few  jun 
ago ;  but  it  is  doubtful  if  any  great  improvement  has  reiUj 
taken  place  in  the  trade,  as  a  whole. 

Maniifacture  of  Artificial  Butter, — Several  processes  i 
in  use  wherein'  tlie  more  fusilile  portions  of  fresh  animal 
(matters  are  .separated  from  the  more  solid  constituents,  so  is  t 
yielil  a  mass  of  buttery  consistence  which,  w*hen  treated  wilj 
annatlo  or  *ither  harmless  vegetable  c^>louring  matt€r, 
churned  up  with  milk  or  otherwise  treated  so  as  to  a4.M]uire  j 
weak  liuttery  flavour,  furnishes  a  cheap  palatable  foodstuff.  ~" 
better  kinds  of  pro^hict  thus  obtained  are  undeniably  valua 
.additions  to  the  general  food  supply  ;  but  the  practice  of 
them  with  genuine  cows  butter  and  selling  the  raixture  (or! 
auhstitute  alotie)  at  considerably  above  its  proper  value  qh 
the  name  of  *' butter/'  is  obviously  not  a  desirable  one.*  Mo 
over^  the  inferior  kimls  of  oleomargarine  are  not  in\**riiilily  i 
barmless  cliaracter,  as  the  earlier  fonns  of  tapeworm  (cystic 
and  other  entozoa  are  sometimes  present. 

The  earliest  pri>cesses  are  said  to  date  comnierciallv  frtim  lilt 
FraiicO'ljerman  war,  when  the  scarcity  of  butter  in  Paris  duhiij 
the  siege  led  to  the  utilisation  rjf  various  other  forms  of  fat  (mil 
especially  that  of  hni'Hes)  and  their  treatment  so  as  to  obtaiti  i 
snfter  and  luore  palatable  Hubstance.  The  original  Afe^  Muurvt 
process  consists  in  treating  choppe<i-up  tidipose  tissue  with  i 
weak  alkaline  solution  (potassium  carbonate)  and  minced  **heeBf 
t)r  hog's  stomach  at  al)owt  -l-'t'C,  when  partial  digestion  of  tW" 
albuudnous  fatty  envelopes  arul  cellylar  tissue  is  brought  alj<»ut 
80  that  the  fat  separates,  being  "rendered"  completely  at  tk 
comparatively  low  temperature  used.  On  cooling  and  stand' 
the  solid  glycendes  more  tn-  less  completely  sepiirate  in  a  cri'stallii 
form,  so  that  by  applying  pressure  in  cloths  in  an  ordina 
hydraulic  pre.ss  (p.  !231)  the  still  li*|uid  })ortion  is  scjueexed  outj 
whilst  a  tolerably  hanl  mixture  of  glycerides  is  left,  vatuabta  fol 
candlemaking.  loMtead  of  alkaline  pjtash  solution  dilute  hydro- 
chloric acid  is  preferred  l>y  some,  more  especially  with  an  adc&tiuQj 
of  calcium  phrmplmte,  so  as  to  form  phosphnric  acid  or  an  acidi 
phosphate  of  calcium  :  the  digestive  action  is  thus  promoted  anrf 
hastened. 

Much  of  the    ^4H>sch,"  "Dutch    butter/'  ^- butterine/*  "mJir- 
garine/'  t  and  **  oleomargarine "  of  the  present  tlay  is  prepartjd 

•  In  certain  nf  the  United  States  the  Ij^gislature  requires  thAt  oleiooiir 
garine  must  Ix;  colijuretl  pink  in  order  to  prevent  ita  being  «oM  as  btttUr. 
t  The   term  **  margarine "  is  an  imfortun&te  survival  of  a  mitoMMT 
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by  processes  analogous  to  that  of  M^ge  Mouries,  excepting  that 
the  digestive  operation  is  omitted.  The  sorted  adipose  tissue 
(carefully  handpicked,  and  sometimes  washed  to  separate  traces 
of  blood  and  suchlike  animal  matters,  and  then  finely  minced)  is 
subjected  to  gentle  heat ;  in  some  cases  alone,  so  that  the  more 
fusible  constituents  liquate  away  from  the  rest,  the  mass  being 
supported  in  trays  on  sloping  racks  in  a  room  kept  at  a  temper- 
ature not  much  exceeding  50*0. ;  in  other  cases  in  tubs  in  contact 
with  water  at  about  45*~48'',  when  the  more  fluid  matters  gradu- 
ally float  up  and  are  withdrawn  from  time  to  time.  Beef  suet 
is  the  preferable  material,  but  sheep's  fat  is  also  employed ;  much 
of  the  margarine  made  in  America  is  derived  from  hog's  fat^ 
being  in  fact  a  variety  of  lard  from  which  much  of  the  solid 
matter  has  been  removed.  The  partially  exhausted  tissues  left 
are  rendered  in  the  usual  way  (p.  245),  either  alone  or  mixed 
with  other  fatty  matters,  so  as  to  produce  a  superior  quality  of 
tallow :  the  oleaginous  fluid  matters  that  result  from  the  first 
processes  are  cooled  and  kept  at  about  25*'  for  some  time  to  allow 
the  solid  glycerides  to  crystallise,  and  the  mass  is  then  pressed. 
The  solid  pressed  residue  is  generally  known  as  "  beef  stearine," 
and  is  largely  used  in  the  manufacture  of  factitious  lard  by 
incorporation  with  cotton  seed  or  other  fluid  vegetable  oil  so 
as  to  form  a  mass  of  the  required  physical  consistency. 

The  resulting  expressed  oil  acquires  a  buttery  consistence  at 
the  ordinaiy  temperature,  but  is  usually  somewhat  softer  than 
cow's  butter;  by  thoroughly  churning  it  up  with  fresh  (or,  as 
preferred  by  some,  sour)  milk,  and  a  little  minced  cow's  udder, 
it  acquires  a  slightly  firmer  consistence  and  a  buttery  flavour. 
If  the  temperature  during  pressing  has  been  too  high,  or  if  the 
solid  glycerides  have  not  sutticiently  thoroughly  separated  whilst 
standing,  the  expressed  substance  may  be  too  solid,  in  which 
case  it  is  admixed  with  fluid  vegetable  oil  (cotton  seed,  aracbis, 
sesame,  &c.)     The  temperature  at  which  the  churning  is  eflected 

applied  to  certain  fat  coDstituents  in  earlier  days  before  the  chemistry  of 
these  substances  was  well  elucidated.  By  saponifying  tallow,  lard,  and 
other  animal  fats,  and  separating  the  fatty  acids  thence  ultimately  obtained. 
as  fJBir  as  practicable,  various  substances  were  got  of  somewhat  difierent- 
characters  in  different  cases,  but  mostly  consisting  of  a  liquid  fatty  acid 
(oleic  acid) ;  a  solid  constituent  melting  at  about  75^,  known  originally  as 
margarous  acid  (Chevreul),  subsequently  as  stearic  acid;  and  another  feolid 
product  termed  margaric  acid,  crystallising  in  pearly  scales  (whence  the 
name,  from  fiapyapou,  or  fiapyupLrtj^  =  pearl),  and  melting  at  a  lower 
temperature,  near  60*".  This  last  was  long  regarded  as  a  single  substance 
indicated  by  the  formula  C17H34O2;  the  glyceride  coutaining  it  in  tha 
original  fat  was  accordingly  known  as  margarine.  Subsequently,  how- 
ever, it  was  shown  by  Heintz  that  this  pearly-scale  crystalline  substance 
"was  a  mixture  of  homologous  substances,  consisting  chiefly  of  stearic  and 
palmitic  acids;  and  that  whilst  true  niargaric  acid,  C]7U8402,  could  be- 
produced  artificially  (p.  21),  it  was  not  a  product  of  the  saponification  of 
natural  fats,  and  its  supposed  glyceride,  margarine,  was  not  contained 
therein. 
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has  u  good  deal  of  influence  r»n  the  phy*»ical  charact4?r  of  tlif 
product;  proferably  tlio  Itictitious  **  butter"  is  withdrawn  ami 
quickly  chilletl,  either  hy  running  into  ice  cold  water  or  on  to 
slalis  of  solid  ice,  and  then  made  up  into  "  pats  '*  for  the  market. 
Annatto,  tunnerio,  satlVon,  and  various  other  colouring  matters 
(preferably  vegetable,  but  sometimes  of  coaltar  origin)  are  useti 
to  eoinmumcate  a  yelhjwtint;  sometimes  a  minute  quantity  of 
Ijutyric  ether  ur  t»ther  special  tlavouring  antl  odour-giving  sub- 
stance hi  added.  Inferior  kinds  of  socalled  margarine  are  some- 
times made  by  the  simple  process  of  working  up  companitively 
liar*  I  fats  (such  tis  moderately  scentless  tallow)  with  iliiid  vegetable 
« »iis,  coker  butter^  Ian  I  oil,  and  similar  softer  materials ;  when  sucb 
mixtures  are  further  iricrirporated  witli  more  or  less  stale  gen ulnii 
butter  and  churned  u\>  wiUi  milk,  itc,  pnxluctsare  obtained  very 
closely  simulating  genuine  butter  of  si^cond  or thiixl  rate  quality; 
tlxey  may  be  made  to  correspond  with  actual  Ijutter  so  closely  as 
to  pass  mfist  uf  the  tests  apjilicable  thereto^  excepting  that  a  more 
or  less  marked  increment  is  observable  in  the  ''  Hehner  number  ' 
(p.  166)>  and  a  decrement  in  the  Kei chert  nund>er  (p,  173);  vvitU 
in  many  cases  a  slight  depreciation  of  tlie  specific  gravity. 

Margarine  and  oleomai'garine  prepared  IVoni  solid  animal  fatfi, 
without  admixture  witb  cokernut  oil*  possess  a  higher  total  add 
nuinlx*r  than  genuine  butter — viz.,  19:2  to  199^correspondiiig 
with  the  saj»onitication  equivalent  282  to  2D3  (tripabnitin 
—  2*18*7,  trioleiiie  =  2i)l'7,  tristearin  —  29<j*7) ;  the  iorline 
number  is  also  higher,  Ix'ing  usually  iK^tween  45  and  55 ;  but  sinc^ 
methods  have  lieen  discov  ered  *  for  removing  the  characteristic 
udoiir  of  cokernut  oil,  the  decwlorisfKl  substance  ain  Ik;  mlmixed 
with  animal  margarine  in  such  fashion  as  to  bring  down  lx>th  the 
saponification  equivalent  and  iodine  nundier  to  ch>se  ttj  tlie 
figures  observed  with  genuine  butter.  Moreover^  since  cokernul 
and  palmnut  oils  furnish  much  smaller  percentages  of  inj*oliibie 
fatty  acids,  and  larger  ones  of  volatile  acids  tlian  ordinary  soft 
animal  fats,  their  fidmixture  in  the  mass  t^nds  tij  lower  thi? 
Hehner  nundjer,  and  raise  the  lleichert  nuniberj  thus  i^enderiug 
detection  by  these  tests  mt*re  diflicult. 

The  following  table,  btsed  on  one  given  by  Schadler,t  repre- 
sents the  way  in  which  the  fatty  matter  from  an  ox  is  utilised: — 


**  SchlinU's  method  for  rMiioviiig  the  volatile  antl  odoroua  fatty  acids,  Ac, 
from  cokernut  oil,  cfmsiats  in  treatment  with  ftlcohol  and  animul  chancoftl, 
whereby  a  perfectly  white  masa  is  obtained,  of  the  consistency  of  buit^^ri 
and  of  sweet  netttml  ni^recable  flavour.  A  very  considerable  stdts  for  the 
product  exists*  noniiimlly  as  a  "  vegetable  lard  "  for  cookinu  inirixjae» 
{titpra)  I  practically,  however,  the  material  is  largely  if  not  i  u- 

ployed  in  eophisti eating  cow's  butter.     For  a  deflcription  of  te*i  .  d 

m  the  examination  of  butter  Bupi>08e<I  to  be  thus  adulterated,  riaV-  I.  Jcjui^ 
Monitfur  Sritnti/ique,  1890,  36,  p»  11J6;  in  ahatract,  Joum.  Soc,  Chfm,  Jnd,, 
1891,  p,  275. 

t  From  reaulta  obtained  in  Sarg*ii  factorj^  Vienoa. 
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Final  Products. 


ETC 


"  Artilicud  butter/*  about  18  kiloa,  reprcienting  of 
oleomargarine »     .  »  .  .  . 

Pure  eommemal  **  glycerine/* 
**  Stearin  e  **  (stearic  and  palmitic  aoids), 
•'Oleitie"  (impure  oleic  acid}, 
**  Scrap!  "  UBecl  for  miuiure, 


about  16*5  kikaT 
.,        2*5 

M      23-5 
83nl 


It  would  hence  seem  that  u  very  considerable  loss  of  glyceroi 
accompanies  the  various  processes  gone  through  in  the  coarse  of 
the  isolation  of  the  pure  redistilled  commercial  article;  far 
24  kilos,  of  stearic  iicid,  together  with  23*5  of  oleic  a<!id.  theo- 
retically corresponil  with  aix>ut  5 '3  kilos,  of  glycerol  insteail  *^ 
2*5,  indicating  a  total  loss  of  more  th;in  50  per  cent,  of  ihit 
glycerol  formed  during  saponilication. 


LAMP  OILS, 

From  the  earliest  ages  the  use  of  lamps  has    be^a  generaJ, 
essentially  consisting  of  a   %'esHel  for  holding  the   €iily  matter, 
provided  with  some  kind  of  ponms  wick  up  w^hich  the  oil  nan, 
by  capillary  action,   to   supply  the  place  of  that   burnt  in  tb« 
Hame.     Proliably  this  arrangement  was  actually  a  development 
of  the  still  earlier  t-orch  or  liand>eau,  consisting  in  its  simph 
form  of  a  splinter  of  pine  cont4iining  natural  resin,  and  in  a  moi 
elaljorate  shape  of  strands  of  vegetable  fil»re  dipped  in  resii 
asphah>  and  similar  materials  (obviously  the  pnttotype  of 
mure  modern  wicked  candle).     The  wicks  used   in  some  of  tl 
early  forms  of  lamp  appear  to  have  been  of  rush-pith,  apparent!; 
closely  akin  to  the  rush-candle  or  rushdight ;  saving  that  in  the 
latter  the  vegetable  wdck   was  dippetl  in  a  comparatively  solid 
fat    melted    by    heat,    and    then    taken    nut    anil    allow*ed    to 
harden,  w^hilst  in  the  former  the  wdck  was  held   in  position  by 
some  simple  device,  and  a  tbimier  fat  or  f»il  used,  fluid    eno\igb 
to  moisten  the  wick  without  extraneous  heat.     In  the  mo<.h^rii 
**  nigbtligbt'^  Vioth  forms  are  substantially  combined,  the  ixmxn;;c- 
ment  being  virtually  a  candle  on  first  lighting,  and  practicidly 
oil  lamp  after  burning  sufheicntly  long  to  melt  the  remainder 
the  fatty  matter  by  the  beat  developed. 

Amongst  the  EiLstern  nations,  crude  natural  naphtha 
petroleum  has  been  largely  used  as  a  burning  oil  from  ti 
immemorial  ;  but  the  methods  now  in  use  for  jmrifying  it 
separating  it  into  ditTerent  fractions  (some  of  which  are  far  Ijet 
adapted  for  burning  in  lamps  than  the  raw  material,  whilst  olh 
are  quite  unfit  for  that  |>urpose)  are  of  quite  modern  origi 
Amongst  the  (i reeks  and  Kouians,  olive  oil  appears  to  have  " 
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irgely  used   for  the  purjwjse  ;  whilst  rou^h   candles   of  tallow, 

id  superior  ones  of  wax,  were  also  in  use.     In  all  the  early 

[>niLS  of  household  lani|>  no  ohiinney  wuh  employed,  so  that  the 

tie  was  invariubly  more  or  less  sinokvj  a  circunistjince  which 

cinsiderably  limited  the  numWr  of  vegetable  oils  available;  in. 

|784,  Argatid  introduced  the  form  of  lamp  still  bearing  bis  name 

Although  greatly  altered  and  improved  by  subsequent  inventors), 

sentialJy  conaisting  of  a  circular  wick  with  an  air  supply  in  the 

entre,  a  chimney  of  irrjn  (lat+T  of  glass)  being  also  applied,  so  as  to 

dcrease  the  draught  and  st»  facilitate  combuHtioo,  thus  diminish- 

ig  smoke  ami  increasing  the  light  emitted,*     This   invention 

eatly  stimulated  the  u.se  of  oil  lamjKS,  and  colza  oil  and  sperm 

il  soon  l>eciime  extefisively  uwed  forconsumptiun  therein,  together 

rith  roany  other  varietii^H,  mitably  the  oils  fomi  rai>e  seed^  ground 

iut»,  and  Cfitton  seed.     At  the  jirewent  day,  ln:>\\ever»  the  use  of 

oils  in   this  way,  though    by  no   means  inconsideraVjh?,  is 

aall    AS    comparerl    with    that   of    the    hydrocarl>on    oils    from 

tttroleum  and  paraffin  shale,  itc.  (at  any  rate  in  those  countries 

rhere  the  latter  are  readily  cibtainable),  on  account  of  thf^  greater 

St;  but  in  many  semicivilised  lands  the  cost  of  vegetable  oils 

Indigenous   to    the    ilistriet    is    often    below    that    of    imported 

petroleum  burning  oils,  so  that  the  mineral  oils   have   in  such 

e«i  not  yet  largely  supplanted  the  vegetable  ones. 

IplTien  rap>e  (colza)  oil  is  burnt,  a  tendency  to  charring  of  the 

rick  appears  to  exist  if  the  oil   contain  much  free  fatty  ncidf* 

(formed  by  decomp4)sition  of  the  original  glycerides  during  ex- 

iraction  and  refining,  ttc.);  this   is  also  marked  in   the  ciise  of 

olive  oil.     According  to  Arclibutt,  5  per  cent,  of  free  fatty  ivcidf* 

the  maximum  permissible,  otherwise  a  defective  light  results, 

Fkd  the  wick  soon  chars. 


DRYING    OILS    USED    FOR    PAINT   MANUFACTURE 

AND   IN   THE  PKEPARATION   OF  VARNISHES, 

LINOLEUM,  AND  SUCH  LIKE  PRODUCTS. 

Drying  oils,  such  as  linseed  oil,  in  their  natural  state  as 
[obtained  by  expression  and  refining  (raw  oils),  al>srn^b  oxygen 
lfr»>TO  the  air  and  inspissate  at  much  lower  rates  than  areufwerved 
infler  subjecting  them  to  a  form  of  treatment  usually  spnken  of  as 

boiling/*  although  the  term  is  not  strictly  correct,  imismuch  as 
lihe  oiU  do  not  become  converted  intti  va|H:>ur  capable  of  recon- 

'Fltt6i  or  cbiaii^eya  applietl  to  lamps  were  not  wholly  unknown  to  llie 
MqIa:  thaa  the  lamp  (of  ptne  i^^nhl),  ileaigtied  by  Calliiimchus  about 
r400  B.r,  for  the  Ereclithcum  of  the  Atheuji  Acropolis,  was  provided  with  a 
[chimney  in  the  form  of  ati  invertetl  palm  tree  of  bronze.  ArgniMrs  use  of  a 
nuey  wa«  a^lM)  iireviouely  sufe^iiealeil  by  Qaim|uet  (L<?opolri  Field,  Cantor 
"  area,  Soc.  of  Arts  Journ.^  IStt3,  pp.  8'3»i  luid  S48J. 
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tlensation  to  the  ori'.'inal  substance  as  water  or  &1culiul  do^  wbtn 
boiled,   but  only  become  partially  decomrwiseti  »o  aa  tu  rv 
vapours    in    consequence    of    incipient   destructive   dist^' 
(p,  125)  or  other  deconi|K>sition,  more  especially  of  the  give 
portion  of  the  molecule,  whereby  acrolein  is  formed. 

In  the  older  processes  for  preparing  **  boiled  "  oils,  thia  ©fee 
was  brought  about   by  heat  alone ;    subsequently   various  sib 
stances   known  as  '* driers"    were   added    to    the    oil    in   8 
quantity  for  the  purpose  of  pmmotin*^  the  particular  ehaii^Jj  il 
view.     In  the  more  modern  nit^thods  t^omewhat  lower  tenif 
turea  are  mostly  employed,  wliilst  the  fiction  is  accelei-ated 
Lnjectifig  air  into   the   hot  mass,   whereby  a  greater  degree 
incipient  oxidation  is  effected,  the  result  of  which   is  lo  rend 
the  oil  much  more  prone  to  oxidise  spcintaneously  by  subseque 
exposure  to  air,  and  hence  to  ^'dry  "  more  rapidly. 

The  nature  of  tlie  driers  useii,  and  the  exact  niethi  kIs  of  i 
pulation  are  often  supptjsed  to  Vye  valuable  trade  secrets  ;  but  ( 
practical  result  of  wurking  secret  '*  rule  of  thumb  "  methods 
the  kind  has  not  always  pruvetl  commercially  successful. 
of  the  substances  used  untler  the  name  of  ''  driers"  (-r.y.,  dria 
aJum,  and  xinc  sulphate)  cuntribute  but  little,  if  anj^bin^r  at  i' 
to  the  drying  edect,  their  actitm  lieing  simply  to  coatruUt*i 
niaining  mucilage,  and  aid  its  subsequent  removal  by  subniden 
Numerous  metallic  salts  and  oxides,  «fec»,  are^  or  have 
employed  for  the  purpose ;  accoi^ling  to  the  ex  ]^  rime  nut 
Livache,  the  moat  marked  ellect  in  the  way  of  increiising 
rate  of  drying  is  produced  by  manganese  and  lead  salts,  oopp 
cob[ilt|  and  zinc  conjpounds  being  much  less  active^  and  s«du  < 
iron,  chromium^  and  nickel  still  less  so.  In  actual  practice,  com 
pounds  of  lead  are  those  most  rreijucntly  used,  especially  litharge 
red  lead^  and  lead  acetate ;  the  result  of  which  is  that  the  boiJe 
oil  finally  obtained  contain^s  lead  in  solution  as  some  kind  of  lo 
soap  (tti  the  formati<m  of  which,  in  the  first  instance,  thi>  actioa 
of  impniving  liryiiig  tjualities  is  probably  due,  the  lead  soapactin 
as  carrier  of  oxygen) ;  hence,  more  or  leas  iliscoloration  lif 
made  with  such  oil  is  ajit  to  occur,  especially  in  towns,  inde 
pendently  of  that  brought  about  by  the  white  lead  addetl  to  mo 
kinds  of  paint.  This  result  is  avoided  by  substituting  nrt>  /- 
salts,  <fec.,  for  lead  compounds  ;  accordingly,  manganese  b 
dioxide,  l>onUe,  oleate,  oxivlate,  and  other  organic  salts  nw 
somewhat  largely  employed."*" 

When  the  drier  is  added  in  fine  powder,  a  consiilemble  fraction  ] 
of  it  can  be  recovered,  as  it  settles  to  the  bottom  when  the  oil  iij 
allowetl  to  cool  and  Sitand  ;  but  a  portion  is  taken  into  "lol^ 
AS  me Ui I li c  s oap  ami  pe rm a ne n 1 1  y  re tai [ i e d  i n  the  oi  1 .     Appaf 

*  Accortlio;^  to  X.  Clarke  {Jonrn.  Soc.  ArfM,  Feb.  10.  ItiOa,  p.  280). 
oil  prepared  with  mantfaneati  is  unsuitable  fur  varnish  m:iktiig,  its  tt  piudlM^ 
a  bloom  on  any  varnisn  made  with  iti 


DRYING    OILS, 


315 


lis  soap  ab9orl>s  oxygen  frotii  the  uir,  iiticl  then  in  some  way 

irts  with  it  again  to  tlie  glvceridcs  prf;seijt ;  but  tbepreci.se  way 

in  which  the  carrying  Jiction  in  effected  is  not  tliorow«»bly  under- 

siixicL     In  same  cikse^i,  if  t<jo  large  a  proportion  of  metallic  Buap 

is  formed,  the  boiled  oil  produced  in  deterif>i"itetl,  ^irobabl}-  bee^iutsa 

ae  oxidising  action  then  gets  cnrrieti  trjo  far.     By  the  use  of  the 

ier  in  the  form  of  a  soluti<m  of  known  strength,  any  required 

>portion    can    \m    readily    introciuced ;    mant^aneKe    oleate    or 

^nohite,  or  other  fatty  acid  manganese  soap,  dinsolved  in  oil  of 

arpentine  or  similar  solvent,  is  accordingly  condng  into  use  for 

purpijse,*  more  cMpjecially  for  oils  intended  to  mix  with  zinc 

rhite  or  other  pigments  of  light  tint  where  darkening  is  desired 

be  avoided,  such  as  is  liable  to  bo  produced  in  lead- containing 

by  the  actitin  of  sulphur  ci*mpuund8  in  the  tm\     Moi'eover, 

Jg  "boiled"  with  manganese  driers  are  generally  of  a  lighter 

:»lour  than  when  lead  is  used.     Occasionally^  to  meet  trade  pra- 

Lidice^  as  regartls  cMlour,  a  mixture  of  leml  n.ud  manganese  com- 

9unds  is  used,  so  that  the  darker  red  tint  produced  by  the  lead 

^ay  be  developed  to  an  extent  proportionate  to  the  (|uantity  of 

leml  employed. 

The  projmrtion  of  driers  employed  is  usually  but  small,  not 

exceeding  0-25  to  0*7-3  per  cent,  of  the  weight  of  the  oil  (a  few 

iW  per  ton);  when  used  in  the  solid  form  it  is  important  that 

"ley  should  be  in  the  Jim^st  possible  st*ate  of  tli vision,  for  which 

j>ur[K>se  they  are  usually  subjected  to  a  process  of  levigat ion  after 

I"Coutinued   grinding;    finally,   they  are   gi^ouTid   with   oil,    much 

l^wiitit  is  ground,  so  as  to  foi^m  a  mixture  that  cjin  be  reatlily 

Idissieiainated   through    the    mass  of  uil    treated    by    mBan.s   of 

[ire. 

the  older  method  of  **  boiling,"    the  oil  is  simply  heated 
long  with  the  driers  for  some  hours  to  a  teuiperature  varying 
Y>m  200''  to  250''  C.^  free  fire  l>eing  used  as  the  heating  agent. 
Tig.  76  represents  the  kind  of  arrangement  employed;  a  lid,  e, 
aminged,  capible  of  l>eing   lowered  on  to   the   pan,  ti^  and 
tloi^ing  it  up  airtight  by  means  of  the  Hanged  rim,  I*  fu  so  that  in 
tie  event  of  the  evolved  vapours  taking  fire  they  can  be  almost 
stajitaneously  extinguished.     To  avnid  friithing  over,  the  pan 
inally  tilled  not  more  than  half  full  with  oik 
77  represents  a  pair  of  steam  heated  kettles,  the  jackets 
strong  enough    to    resist  several    atmospheres   pressure  : 
l!y  4  to  5  atmospheres  are  eDipIoyed^  the  oil  being  heated  to 
tl50*  (J.  or  a  little  upwards.     When  air  is  blown  through  the  hot 

*  FIart1«y  k  Blcakinsop'a  process  (Patent  No.  ll,02f*,  1S90)  coiiilnncs  tlio 
Irying  action  of  manganese  aoap  addefl  in  this  fonii  with  tbe  bleaching 
ictioti  produced  by  blowing  a  current  of  air  tiirongh  the  mn&s  at  a  tempera- 
[tiire  A  Uttle  ebort  of  100*^  C;  by  using  only  &  Bmall  proportion  of  manganeBe 
iBnoZate  solution^  the  oxidising  action  can  be  alnioat  wholly  confined  to  the 
leolotiriBg  m*tter,  so  as  to  bleach  the  oil  withont  producing  any  notable 
I  degree  of  other  oxidation  [Joum.  Soc,  Ard,  he.  cU,  ttupra). 


A  coil  of  stout  piping  is  arranged  in  a  casting  mauld  so  thattl 
ttiolton  meta.1  fomiins;  the  pan  is  cast  iY»iinfl  the  coil  ;  much  a.s  I 
clone  in  the  case  of  the  water-tuyeres  of  a  blant  furruice.  iSh 
at  any  required  pressure  being  passed  through  the  coil,  the  ] 

**  Chefiiical  Ne^g,  Jan.  27,  18^ :  German  Patent  Now  6d|315. 
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beatetl  up  propnrtianatelv  witiiMUt  any  danger,  the  pressure 
iug  siilely  fm  tlie  piping  and   nnt  cm  the   luetal   pfiu  itself, 

lil-st  the  well-conductiM^  metal  walls  alliAv  tiie  heat  U>  pass 
illy.  TenipenitureH  op  to  350'  and  400  C,  can  l>e  thus 
obtained. 

Acctudin^'  to  C.  W.  Yinccnt  *  the  use  nf  air  alone  without 
driers  doen  notliing  towards  making  uil  "drying/'  Linseed  nil 
heated  for  three  days  conseeutively  at  a  liigli  temperature  iu 
presence  of  the  air  but  without  driers  required  tlie  saine  tune  to 
dry  as  the  raw  oil  from  which  it  was  prepared,  but  the  *'ho*ly'* 
wsB  much  increased.  Heating  altiiie  for  the  same  time  with  only 
surface  exposure  t**  air  produced  no  such  increase  of  lx>dy  ;  the  oil 
became  more  greasy,  less  penetrative,  and  less  drying. 

The  exact  nature  of  the  changefi  taking  ]>lace  during  the  Ixiiling 
of  drying  oils  is  not  clearly  uiiderstoiKl  ;  heyond  the  fact  than  an 
incipient   alteration    is   prrKluced   (either    by  decomposition    by 


at,  or  by  oxidation,  or  Vioth  together,  largely  assisted  by  the 
carrier  action  of  the  driers),  which  tends  in  the  direction  of  the 
further  changes  etiected  by  the  ahaorption  of  oxygen  whiJst 
drj'ing,  little  is  known  with  eertainty.  No  considerable  destruc- 
tion of  glycerides  appears  to  f>ccur  until  the  fw^tion  is  pushed 
v^ry  far,  ordinary  '*  Ijoiled  "  linseed  oil  furnishing  nearly  the 
same  amount  of  glycerol  on  sa-ponih cation  an  raw  unlxjiled  oil ;  on 
the  other  hand,  a  more  or  less  distingui  a  liable  small  diminution 
in  iodine  absorbing  |K)wer  is  generally  brought  aliout  indicating 

j#xidation.      For    the    further    changes   effected    during    actual 

■* drying,"  see  pp.    121^   134. 

In  the  manufiictiire  of  printing  ink,  the  action  is  pushed 
considerably  further*  In  the  older  direct-hring  process  (still 
preferred  by  many)  the  oil  is  heated  until  the  escaping  vapjura 

*  Mujprutt'a  Dictionary  of  Ckemliitry^  edited  by  C.  W,  Vincent,  p.  47ii, 
voL  ii. 
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■will  fire  freely ;  the  mass  thickens  considerably  as  the  action 
progresses ;  when  a  sample  taken  out  and  droppetl  on  a  cold 
porcelain  surface  can  l>e  drawn  into  strings  half  an  inch  long, 
a  co\'er  is  put  on  to  extiog^uish  the  tlanie  ;  amljer  or  rosin  i? 
then  dissolved  in  the  hot  oil»  and  slices  of  soap  (essential  m 
order  to  enalile  the  ink  to  lulhere  to  damp  paper)  ;  and  finally 
the  pia^nent  (lamp  iilack,  ivory  black,  *tc.,  mixed  witli  jirasaiin 
blue  or  other  coloured  pijC^ments  to  tone  the  black  as  required^ 
Obviously  in  this  case  the  heat  causes  a  partial  decompositli 
the  oil,  and  tlie  thickening  is  probably  due  largely  to  an  t 
of  polymerisation  taking  place  in  tho  nascent  acids  or  anhj< 
thus  formed,  somewhat  analogous  to  that  whicJi  occurs  during  1 
^^  the  "vulcanising"  of  oils  by  the  action  of  sulphur  chlodde,  Ac 
(p.  154). 

The  varnishlike  film  of  oxidised   oil   pro<!uced  when  boikii 
linseed  oil  is  made  to  form  a  thin  coating  on  a  suitable  large 
surfiice 'freely  exposed  to  the  air  can  Ije  incretised  to  an  almost 
imlelinite  extent  by  painting  a  second  film  over  the  fir^t  wheaj 
approach ing  dryness,  and  soon  in  succession.     The  pnxluct  thtt 
formed  is  largely  employed  in  the  manufacture  of  Unoleuin  i 
floorcloth,  thin  sheets  of  canvas  or  cotton  scriin  being  suiipend 
vertically  in  a  room  freely  supplied  with  air,  and  **  flooiled*  witi 
oil  iVom  an  overhead  reserroir  or  tank  running  on  wdieeb  Hkei 
travelling  crane  ;    the  sheets  thus  moistened  with  a  film  of 
are  kept  suspended  ^\ith  free  access  of  air,  and  when  the  coath 
is    nearly    dry,    alternate    tloodings    and    exposure    U^    air 
repeated  for  some  weeks  until  the  *^skin"  formed  is  sufficieoty| 
thick,  the  chaml>er  1>eing  supplied  with  warmed  air  if  i 
so  as  to  keep  its  temperature  up  t^  at  least  70"  F.  =  lil*  C  j 
freely  ventilated,  much  acrid  vapour  (acrolein,  kc.)  Ijeingevoh^ 
during  the  oxidation  l»y  tlie  destruction  of  the  glyceridic  portid 
of  the  oil.     The  oxidised  oil  thus  f<jrmed  is  header  than  wat4 
(raw  linseed  oil  has  the  specific  gravity  *9.35  or  thereabouts),  i 
forms  a  yellow  translucent   mass^   insoluble   in    alci»hol^  etb« 
chlomfonn,    and    carbon    disulphide  ;     boilinur   naphtha   (mitl6 
pressure)  softens  it  sv»  tliat  it  can  be  worked  into  a  paste.     FiS 
the  manufacture  of  linoleum  the  skins  are  cniund  l)etween  rollew 
and  heated  with  rosin  and  kaurie  gum  in  a  mixing  pan,  and  tb 
resulting  paste  or  ^'cement*-  then  inter  mixed  with  nispeiJ  c^'tn 
and  ultimately  spread  upon  a  canvas  backing. 

Notwitlistanding  the  loss  of  weight  due  t^j  the  evolutioa  i 
acrolein  and  other  volatile  products  during  this  process,  a  i 
in  weight  averaging  about  11  per  cent,  is  experienced,  so  lliil 
the   fixation  of  oxygen    is    considerable.     In    order  to  shorts 
the  time  rer|uiHite  fnr  the  oxidation  of  drying  oils  for  linoleu 
manutacture,  F.  Walton*  forces  air  at  a  pi-esaure  of  5  to  '• 
atmospheres  through  the  oil  wanned  to  al)out  100'  P.  =^  37* 
*  Patent  Specification  No.  12,000,  JuTy  31,  ISDO. 
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the  air  current  being  divided  by  means  of  perforated  plates; 
an  agitator  is  provided,  by  means  of  which  the  product  when 
approaching  solidification  is  more  or  less  granulated,  whilst  fused 
gums,  iSzc.,  can  be  incorporated. 

Blown  Oils. — Of  late  years  the  manufacture  of  oils  oxidised 
by  the  direct  action  of  air  upon  them,  has  acquired  a  considerable 
magnitude,  the  effect  produced  usually  being  a  considerable 
increment  in  density  and  viscosity,  rendering  nondrying  or 
semidrying  oils  (rape,  cotton  seed,  fish  oils,  &c.)  more  suitable 
for'  use  as  lubricants,  either  directly  or  as  ingredients  in  lubri- 
cating mixtures  ;  and  in  the  case  of  drying  oils  (more  especially 
linseed  oil),  bringing  about  more  rapidly  and  certainly  those 
incipient  oxidation  changes  requisite  to  produce  more  rapid 
spontaneous  absorption  of  oxygen  from  the  air  by  the  oil,  when 
spread  out  in  thin  layers — i.e.,  the  changes  effected  in  socalled 
"  boiled  "  oil,  rendering  it  better  applicable  for  the  production  of 
paint  and  varnish,  «fec.,  owing  to  its  more  rapidly  "drying"  up 
to  a  comparatively  hard  varnish-like  coating  when  thus  applied. 

The  plant  employed  for  the  process  is  of  simple  construction, 
consisting  of  a  pan  or  tank  fitted  with  a  steam  jacket  (or  an 
internal  dry  steam  coil)  for  heating  up  the  oil,  and  with  a  false 
bottom  perforated  with  numerous  small  holes,  cullender-fashion ; 
air  being  pumped  in  under  the  false  bottom  rises  up  through  the 
hot  oil  in  numerous  minute  streams  of  bubbles.  Instead  of  a 
false  bottom,  a  horizontal  serpentine  with  numerous  pin  holes  is 
sometimes  employed.  When  the  action  is  intended  to  be  carried 
to  the  limit,  as  in  oxidising  drying  oils  for  linoleum  making,  an 
agitating  arrangement  is  also  added  for  the  purpose  of  breaking 
up  clots,  and  keeping  the  mass  well  stirred  up  (supra). 

The  nature  of  the  chemical  changes  taking  place  during  the 
action  of  air  on  hot  lard  oil,  cotton  seed  oil,  rape  oil,  *tc.,  has 
not  been  thoroughly  elucidated ;  a  considerable  amount  of  heat 
is  developed  during  the  process,  so  that,  when  once  started,  no 
further  extraneous  heating  is  requisite,  but  in  some  cases  rather 
the  converse,  otherwise  the  temperature  may  rise  so  high  as  to 
injure  the  product  by  incipient  decomposition.  In  all  probability 
the  olein  present  (or  other  homologous  glyceride)  becomes  largely 
converted  into  the  glyceride  of  an  oxyoleic  or  oxystearic  acid, 
either  analogous  to  the  ricinoleic  acid  of  castor  oil  {i.e.,  an 
unsaturated  hydroxy lated  acid),  or  more  probalily  constituted 
like  anhydrodioxystearic  acid  (pp.  42,  46),  where  the  oxygen  is 
directly  added  on  in  the  same  way  that  iodine  or  bromine  is 
added,  so  as  to  convert  an  unsaturated  acid  into  a  saturated 
derivative;  for  in  proportion  as  the  oxidation  proceeds,  the 
iodine  absorption  lessens.  Other  subsidiary  actions,  however, 
also  take  place ;  thus,  the  proportion  of  insoluble  acids  (Hehner 
number)  lessens  as  the  oxidation  goes  on,  whilst  increasing 
amounts  of  soluble  acids  are  formed;  the  mean  saponification 


320 


OILS,    FATS,    WAXES,    ETC. 


equivalent  of  the  blown  oil  is  usually  less  tlian  that  of  the 
original  oil  {Le.,  the  "total  acid  numljer"  increases),  althaugb 
hut  little  iiiereineiit  is  brought  about  in  the  '*free  acid  number" 
Elown  oils  develop  luueh  more  heat  on  mixing  with  sulphuric 
acid  tiian  the  original  untreated  oils. 

The  f(»l leaving  figures  were  obtained  by  Thomson  and  Bal- 
lantyne*  in  the  course  gf  a  series  of  expeninentK  on  the  oxidation 
of  rape  and  speriu  oils  by  blowing  hot  air  through  them  : — 

Rafi;  Oil, 


Orlitiiftl 

oiu 


Specific  E^nivity  at  15* '3, 
Percentage  of  free  acid  (calcu- 
lated as  oleic  aoid)f    . 
Percentage  of  uosaponi^able 

matter,       .         ,         .         . 
Total  acid  miniher^, 
lodinti  number, 
Specitic  tem|5erature  reactiou 

(p.  U9),     .         .         ,         . 
Percciit'ige  of  insoluble  acids 

(Helipcr  number), 
MoWcular  weight  of  insoluble 

acids,  .         ,         .         , 

Fcreeiitage   of    soluble  iiou- 

volatile  acids,     , 
Percentage  of  soluble  volatile 

acids,  .         .         .         . 

Iodine    number     of    soluble 

ftcids,         .... 


0-9141 
5*10 

173-9 
100-5 

135' 
1)4  ^IJ 


i.  - 


Pirtli 
blovD  Mier 


Marti  fUlljr  i  OommcfcUt  ' 


fokotm. 


ou. 


0*^275  1 

5*01      i 


l&t'O 
80-4 


0-9615 
0*76 

i»4*g 

03*2 


85*94 
327 
9-20 
0-82 


a  9072  I 
4-93 

2-8(> 
197  7 

253* 
83*40 
317 
11-16 

1-90 
702 


Spekm  Oil, 


Before  Wowfne.            ^'^^'SSbS?*^ 

Specific  gravity  at  IS'' '5, 
Free  acid  (calculated  as  oleic), 
Unsaponifiable  matter,    . 
1  Total  acid  number. 
Iodine  number » 

i 

0*8799 

1-97 

130  4 
821 

0*8989 
3  27 
34-65 
142*3 

07-1 

-I 

Commercial  blown  oils  usually  present  nearly  the  same  densi 
and  viscosity  as  castor  ml^  i)ut  diller  therefrom  in  not  iUssoUt^] 
freely  in   aleohrd,   w^hilat  they  are  readily  soluble  in  petroleaj 
spirit,  and  mix  re;ulily  with  the  heavier  petroleum  hydrocai*boj 
thus  enabling  homogeneous  lubricating  niLxtures  to  be  prodm 

•  Jcum,  Soe,  Chtm.  Ind.,  1892»  p,  506* 
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stor    oil     itself  when    similarly   blown   undergoes  ^analogous 

iges,  becoming  still  more  viscid,  and  acquiring  the  property 

being    niifioible    with    hydrocarbons    (ordinary    castor   oil    is 

insoluble  in  petroleum  hydrocarbons,  <fcc.) ;  accordingly, 

own  castor  oil  is  often  spoken  of  as  "  soluble  castor  oil."     The 

ne  term,  however,  is  sometimes  applied  to  the  oil  treated  with 

Iphurie  acid  (Turkey  red  oil). 

.  Oxygen  Process, — -A  process  has  been  brought  out  under 
be  auspices  of  ^^Brin's  Oxygen  Co/'  whereby  commercially 
oxygen  (containing  90-1*3  per  cent,  of  actual  oxygen)  is 
instead  of  air  for  the  purpose  of  ^'boiling'*  linseed  oil  for 
famish  oil  and  linoleum,  ami  similiirly  blowing  other  oxidisable 
oil»,  either  in  presence  of  a  smiill  cjuantity  of  driers,  or  without 
tbem.*  Ill  c^irrying  out  this  process  it  is  found  unnecessary  to 
blow  the  gas  through  the  oil  \  n  steam  jacketted  pan  is  provided 
capable  of  lieing  closed  l>y  a  cover,  and  containing  an  agitator 
consisting  of  %'ertical  r*>ds  or  vanes  moving  round  horizontally. 
aen  the  oil  to  be  treated  has  become  heated  nearly  to  100°  C-j 
be  agitator  is  set  in  motion,  and  oxygen  led  in  to  the  space 
nY"  the  oil ;  the  splashing  oil  drops  present  a  large  al>.sr»rVjent 
e,  so  that  the  oxygen  is  absorbed,  at  first  comparatively 
jwly  but  later  on  with  great  vigour,  so  that  although  a  rapid 
eam  of  gas  is  delivered  into  the  pan  it  is  absorbed  more 
pidly  than  it  is  supplied,  producing  a  partial  vacuum.  As  the 
tion  goes  on  the  oil  heats  greatly,  so  thfit  ultimately  it  becomes 
!iry  to  co^l  the  jacket  by  atlmitting  water  into  it.  It  is 
imed  that  the  oxidising  action  is  under  better  control  by  this 
atment,  and  that  a  superior  result  can  be  eifected  in  a  much 
porter  time,  so  that  the  extra  cost  of  the  oxygen  gas  is  amply 
»uped* 

A  somewhat  similar  process  has  been  subsequently  patented 
by  E.  Opderbeck  t  for  making  *•  consistent  tish  fat,  train,  and 
other  oils,"  by  beating  theni  to  DO^-^lOO"  C,  and  then  intimately 
commingling  them  with  compressed  oxygen. 


MISCELLANEOUS  USES   OF  OILS,  FATS,  &c. 
MANUFACTURE  OF  LUBRICANTS. 


The  substances  employed  to  diminish  the  friction  between  sur- 

in  motion  relati\'ely  to  t>ne  another  are  uf  very  various  kinds 

:)rding  U^  the  nature  of  the  mechanism,  ike.,  to  be  lubricated; 

lus  for  watches  and  chronometers  on  the  one  hand,  and  I'ailway 

on  the  other^  widely  different  substances  are  respectively 


•l£si^\iBh  Patent  Specs.,  12,652,  188G ;  18,62S,  18Sfl. 
tEnglieh  Patent  J^pec.,  24,153,  18^2. 
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best  suitable ;   whilst  the  spindles  of  cotton  spinning  jemiiiB 

the  piston  boxes  of  steam  engines,  and  the  bearings  of  afaifkqB 

generally,  represent  other  different  classes  of  moving  objecti^B 

each  of  which  special  kinds  of  lubricants  are  requisite-    Formeifl 

ajiinml  and  vegetable  oils  and  fats  were  almost  exclusively  u^r'! 

for  lubricating  purposen,  the  finer  qualities  being  employed  kt 

the  more  delicate  macbiuery  and  the  coarser  varieties  and  ciirder 

greases  for  the  greasing  of  cartwheels  and  similar  rough  purpoee«: 

the  introtluction  of  railway  travelling  and  the  extended  uae  «( 

machinery  of  all  kinds  led  to  the  modiiication  of  some  of  them 

materials  by  partial  saponification  with  lime  or  alkalies  soiitt 

produce  an  imperfect  soap  containing  much  unsaponified  £at  and 

to   the   admixture  with   them  of  more  or  less   viscous  liydr» 

carbons,    more     especially    the    ''  rosin   oils "    prepared    by  tbe 

distillation  i>f  r€>sin,  and  certain  higher  boiling  fractions  obtained 

in  the  treatment  of  petroleum  shale  oils,  coal  and  other  tuu 

and  similar  substances.     At  the  present  day  *^  mineral  oils  "of 

this  latter  kind  are  most  extensively  used,  either  alone  or  ia 

combination  with  saponifiable  oils,  although  for  certain  Kpeciil 

purposes  the  latter  are  still  preferable.     Obviously  only  Xh^m 

kinds  of  mineral  oil  are  available  that  do  not  readily  give  dT 

inflammable  vapours  on  account  of  risk  of  fire,  and  the  drying 

up  of  the  lubiicant  by  evaporation ;  moreover,  lighter  oils  of  tiii* 

kind  have  not  sufficient  **  body,**  especially  for  heavy  machinery. 

Of  the  animal  oils,  sperm  oil  stands  pre-eminent,  neat's  footoilt 

tallow,  and  lard  oil  Ijeing  also  valuable  ingredients  largely  used, 

and  to  a  lesser  extent  whale  oil  and  various  fish  oils;  whilst  oiiw 

oil,  palm  oil,  and  rape  oil,  and  to  a  le-sser  extent  cotton  seed, 

sesame,  and  groundnut  oils,  ttc,  are  also  extensively  employ 

In  all  such  cases  it  is  imperative  that  no  free  mineral  acid  8h»>ii 

be  present,  as  otherwise  bearings,  <kc.,  are  apt  to  be  rapirllt 

coiToded  :  hence  oils  refined  by  acid  pi-ocesses  (p*  259)  are  usually 

Regarded  as  inadmissible  as  ingredients  in  first-class  lubricatin|: 

Jbils,  unless  the  small  quantities  of  admixed  mineral  acid  haw 

been    thoroughly  removed   by  a  subsequent  washing  with  aa 

alkah'ne  fiuid*     There  appears  also  to  be  good  reason  for  regardij 

tlie  presence  of  any  considerable  percentage  of  free  organic  i 

as  objectionable  for  similar  reasons,  more  especially  in  the  < 

of  bearings  made  of  gun  metal  and  other  copper  alloys,  inasmi] 

as  in  presence  of  such  acids  the  copper  is  apt  to  bec<ime  oxidij 

producing  corrosion  and  pitting ;  henco  oils  refined  by  aJkafij 

treatment   are  preferable.      Cotton   seed   oil    thus    refined  (f 

the  purpose  of  removing  resin,  p.  260)  owes  much  of  its  vala 

to  the  circumstance  that  it  is ^jracticaliy  destitute  of  free  ncid 

which  to  a  great  extent  counterlmlanccs  the  objection  to  its  u« 

that,  as  a  considerable  proportion  of  drying  glycerides  is  present 

it  possesses  a  rather  marked  tendency  to  absorb  oxygen 

thicken  or  "  gnm  "  in  use. 
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Animal  and  vegetable  oils  liable  to  contain  free  mineral  acids, 
may  be  conveniently  examined  as  to  the  presence  of  such 
constituents  by  the  process  described  on  p.  123 ;  or  the  oil 
may  be  well  shaken  up  with  distilled  water,  and  the  aqueous 
liquor  separated  and  examined,  whilst  the  amount  of  free  organic 
acids  may  be  determined  by  the  titration  method  described^  on 
p.  116.  A  practical  test  as  to  the  relative  tendency  to  gumming 
is  to  place  equal  quantities  (drops)  of  the  oils  to  be  examined  on 
an  inclined  plane,  noting  the  distance  run  down  by  each  sam{>le 
in  a  given  time,  and  the  time  required  before  the  oil  ceases  to 
run,  owing  to  the  increased  viscidity  through  oxidation ;  thus, 
the  following  figures  are  quoted  from  Appleton's  Dictionary  of 
Mechanics,  representing  the  run  of  each  oil  in  inches : — 


Sperm  Ofl. 

OalUpoIi 
(Olive)  oil. 

Lard  Oil. 

Rape  Oil. 

"sr 

Best. 

Common. 

2nd  „ 
3rd   „ 
4th   „ 
5th   „ 
6th   „ 
7th   „    . 

IS::. 

32 

50 

53-5 

54 

54 

54 

54 

54 

19 

45 

55 

59 

62 

64 

67 

67-5 

68 

10 

14 

18 

18-5 

19-5 

20-5 

21 

21-25 

21-5 

10-25 

10-5 

10-75 
10-75 
11-75 

Still 

14 
18 
19 
19 

19-25 
19-25 
19-75 
Still. 
... 

17-5 

18 

18 

18-25 

18-5 

StilL 

i 

Only  comparatively  small  amounts  of  immixed  animal  and 
vegetable  fats  and  oils  are  used  alone  at  the  present  day  as 
lubricants;  a  large  proportion  of  the  lubricating  agents  employed 
consist  of  hydrocarbons  only,  and  the  remainder  are  much  more 
frequently  mixtures  of  hydrocarbons  with '  saponifiable  oils,  than 
substances  free  from  petroleum  and  rosin  oils,  and  such  like 
hydrocarbons. 

One  advantage  gained  in  the  case  of  such  mixtures  (apart  from 
cheapness)  is,  that  greasy  rags,  engine  waste,  <Src.,  impregnated 
with  oil,  are  much  less  likely  to  heat  spontaneously  through 
oxidation  on  storage  (p.  132),  when  a  large  fraction  of  the  oil  is 
nonspontaneously  oxidisable  hydrocarbon,  than  would  be  the 
case  were  the  oil  wholly  composed  of  glycerides  and  such  like 
saponifiable  bodies. 

W.  Brink  finds*  that  the  solution  of  a  small  quantity  of 
caoutchouc  in  a  lubricating  oil  consisting  of  mineral  hydrocarbons 
increases  its  viscosity  and  tends  to  prevent  gumming,  without 
introducing  any  corresponding  disadvantages.     Various  metallic 


♦Enj;liih  Patent  Spec,  17,163,  18S0. 
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soaps,  more  especially  aluminium  oleiite,  are  ofl^n  aidded  to 
lubricatmg  oils  for  tlie  purpose  of  iucreaaing  their  ^*  viscositi'  ,* 
it  is  open  to  much  question,  however,  whether  such  an  addilion 
really  adds  to  the  true  luhri  eating  power  of  the  com  position^  and 
whether  it  should  not  Vie  looked  upon  simply  as  an  adulterati'*^n 
or  fal si li cation  giving  a  fietitious  appearance  of  consistency  to 
the  oil. 

Lubricating  materials  other  than  pure  fats  and  oils,  may  be 
conveniently  claiisifietl  in  the  following  divisions  : — 

L  Solid,  semisolid^  or  more  or  less  viscid  liquid  compositions 
of  animal  and  vegetable  oils  and  fats,  with  hydrocarlxms  from 
petroleum  or  destructive  distillation  (shale  and  parafiiri  oils!  m 
resin  oils  containing  little  or  no  inorganic  matters  intermixedi 

2*  Solid  or  semisolid  greases  containing  a  considerable  propoP' 
tion  of  saponaceous  matters  (alkali  or  lime  soaps  of  fatty  of 
resinous  acids),  together  with  more  or  less  additional  mineral  or 
or^uiic  **  antifriction '*  substances  (ground  mica,  steatite,  plum* 
bago,  seaweed  jelly^  ttc.) 

3.  Excessively  ecmrse  and  generally  dark  coloured  greajit. 
consisting  of  byeproducts  of  variotia  industries,  the  refining  of 
which  is  too  costly  to  permit  of  the  materials  l>eLng  purified 
sutticiently  to  enable  them  to  be  utilised  in  other  ways — ^5^, 
"  Yorkshire  gre€%se,"  and  grease  from  engine  ^^aste  (p.  236), 
containing  too  much  hydrocarbons,  d:c.,  to  be  worth  distilling  for 
aocalled  **8tearine"  and  **oleine"  (p,  !277) ;  "dead  oils"  obtained 
in  coaltar  distillation;  certain  kinds  of  "foots"  obtained  ia 
refining  ;  pitchy  and  tarry  matters  of  various  kinds  not  available 
for  other  purpose "«i,  and  so  on. 

Lubricants  of  the  first  class  include  "  engine  oils,"  *'  enirfii* 
taltow/'  and  similar  compositions  ;  ** cylinder  oils"  for  lubricating 
the  piston  rods,  ttc,  of  steam  engines ;  "  machinery  oils "  for 
shafting,  bearings,  crank  axles,  and  the  like  *  "  spindle  oils  "*  f»>f 
quick  moving  light  machinery,  like  the  spindles  of  cotton 
spinning  jennies ;  watchmakers',  clock,  and  **  turret  ^'  oili 
specially  adapted  for  delicate  machinery  like  chronometers,  and 
not  liable  to  thicken  by  cold— and  a  large  variety  of  su1x>rdinatf 
kinds.  Thovse  of  the  second  class  are  chieBy  compositions  Uised 
for  the  axle  boxes  of  locomotive  stock  (railway  trucks  sinfJ 
carriages,  <fec.)  Coarse  greases  of  the  third  chiss  are  n 
cartwheels  and  rough  machinery,  such  as  the  punjping  t  i 
employed  in  mining,  where,  through  the  circumstances  of  ii» 
case,  hi^h  class  lubricant,^  are  unriccessary* 

Lubricants  of  the  First  Class^Ijubricating  OilB, — Tlie 
examination  as  to  the  practical  lubricating  value  of  materialj 
and  compositions  of  this  class  is  rather  a  mechanical  than  a 
chemical  problem,  A  laboratory  test  greatly  relied  on  as  an 
indication  of  their  suitability  for  the  particular  purposes  in  view, 
is  the  determination  of  their  rektive  eMux  rates  at  givea  teal* 
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perattires.  The  socalled  "viscosity"  values  thus  obtained  by 
means  of  one  or  other  of  the  various  forms  of  efflux  viscosimeter 
described  in  Chapter  v.  (or  better  still,  the  figures  obtained  by  ' 
means  of  appropriate  large  scale  testing  machines,  &c.,  whereby 
the  conditions  obtaining  during  actual  use  can  be  nearly  imitated) 
are  generally  of  more  practical  value  to  the  consumer  than 
chemical  analyses  of  the  substances;  especially  when  coupled 
with  valuations  of  the  flashing  point  (p.  125)  and  the  degree  of 
volatility — t.c.,  the  rate  of  loss  by  volatilisation  on  heating  to 
known  temperatures.  On  the  Continent  considerable  stress  is 
often  laid  on  the  determination  of  the  "congealing  point"  (mda 
p.  67).  For  an  outline  of  the  standard  methods  and  appliances 
in  use  for  the  purpose,  vide  Joum.  Soc.  Chem,  Ind.,  1890,  p.  772. 
Lant  Carpenter  summarises  the  general  experience  gained  as 
to  the  character  and  behaviour  of  the  various  oils  used  for 
lubricating  as  follows  : — 

1.  A  mineral  oil  flashing  below  300'  F.  (149**  C.)  is  unsafe  on 
account  of  causing  fire. 

2.  A  mineral  oil  evaporating  more  than  5  per  cent,  in  ten 
hours  at  140' F.  (60**C.)  ia  inadmissible,  as  the  evaporation 
creates  a  viscous  residue,  or  leaves  the  bearing  dry. 

3.  The  most  fluid  oil  that  will  remain  in  its  place,  fulfilling 
all  other  conditions,  is  the  best  for  all  light  bearings  at  high 
speeds. 

4.  The  best  oil  is  that  which  has  the  greatest  adhesion  to 
metallic  surfaces,  and  the  least  cohesion  in  its  own  particles ;  in 
this  respect  fine  mineral  oils  are  1st,  sperm  oil  2nd,  neat's  foot 
oil  3rd,  and  lard  oil  4th. 

5.  Consequently,  the  finest  mineral  oils  are  best  for  light 
bearings  and  high  velocities. 

6.  The  best  animal  oil  to  give  "  body  ^  to  fine  mineral  oils  is 
sperm  oil. 

7.  Lard  and  neat's  foot  oil  may  replace  sperm  oil  when  greater 
tenacity  is  required. 

8.  The  best  mineral  oil  for  cylinders  is  one  having  specific 
gravity  0-893  at  60' F.  {W'bC),  evaporating  point  550' F. 
(288'  C),  and  flashing  point  680'  F.  (360'  C.) 

9.  The  best  mineral  oil  for  heavy  machinery  has  specific 
gravity  0*880  at  60'  F.  (15' -5  C),  evaporating  point  443'  F. 
(229'  C),  and  flashing  point  518'  F.  (269'  C.) 

10.  The  best  mineral  oil  for  light  bearings  and  high  velocities 
has  specific  gravity  0*871  at  60'  F.  (15'-5C.),  evaporating  point 
424°  F.  (218°  C),  and  flashing  point  505'  F.  ^262'  C.) 

11.  Mineral  oils  alone  are  not  suitea  for  the  heaviest 
machinery  on  account  of  want  of  "body"  and  higher  degree 
of  inflammability. 

12.  Well  purified  animal  oils  are  applicable  to  very  heavy 
machinery. 
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IS.  CMiTe  oil  is  foremost  wnon^  vegetable  oils,  aa  it  can  biB 
purified  witboiti  the  mid  of  mineral  «*icids.  jH 

H,  The  outlier  T^etah&e  oils  admissible,  but  far  inferior,  suufl 
in  tbeir  onier  of  meri^  are  gingelly,  groundnut,  eolsa,  uidH 
cotton  seed  oils.  ■ 

15l  No  oil  is  admisuble  which  has  been  purified  by  metiafl 
minerml  acids.  V 

A.  H.  Allea  regards  the  following  characters  as  those  wUfl 
sifeould  be  taken  into  consideration  in  forming  an  opinioa  ai  ■ 
the  snitahiHtj  of  a  lubricating  oil  for  a  given  class  of  work  :^  B 

L  The  ti^ecmt^  or  "body**  of  the  oil  at  the  temperatoreB 
vhich  it  is  to  be  used.  fl 

2.  The   temperature  at   which   the  oO   thickens  or  act\tilH 

3.  The  ^floAinff  point  or  temperature  at  which  the  oil  givo 
off  inflammable  vapours  in  notable  quantity. 

4.  The  xxdatUity  or  loss  in  weight  which  the  oil  sulEm  Cii 
exposure  in  a  thin  film  to  an  elevated  temperature* 

5.  The  "gumming  '*  character  or  tendency  of  the  oil  to  beeoniv 

fi.  The  relative  proportions  in  which  thefaM^  and  htfdrocoABm 
oUs  of  a  mixture  are  presents 

T.  The  proportion  and  nature  of  the  Jree  acid,  if  any,  in  d^ 

oil.  ■ 

8.  The  tendency  of  the  oil  to  act  on  metak.  ■ 

9.  The  presence  of  tninerai  matters,  such  as  the  metallic  ha^l 
of  soaps,  ^c.  I 

As  regards  the  degree  of  volatility  of  a  lubricating  oil^  J.  CiaiA 
Bell  considers  that  it  would  lie  well  for  insurance  companiesfl 
lay  down  a  hard  and  fast  rule  that  no  lubricating  oil  should  H 
used  in  any  mill  that  has  a  flashing  point  lower  than  350*fl 
(177'  C),  and  that  loses  more  than  5  f>er  cent,  in  twelve  bounfl 
140^  F.  (60^0.)  ■ 

Iiubricants  of  the  Second  Class — Carriage  and  WaggM 
Greases. — For  the  axle  boxes  of  railway  rolling  stock  a  peculiif 
kind  of  imperfect  soap  is  found  to  answer  well,  usually  inade  1^ 
melting  tallow  and  palm  oil  together,  and  then  thoroughly  tntH 
mixing  a  solution  of  sodium  carlionate  in  water,  for  which  purpcfl 
Morfit's  steam  twirl  (Chap,  xix.)  answers  well  ;  or  a  boiled  pifl 
oil  soap  is  dissolved  in  hot  w^ater  and  thoroughly  intermixed  wilP 
melted  tallow^  the  emulsified  mass  being  then  cooled  so  as  to 
solidify* 

Richardson  *fe  Watts  *  give  the  following  receipts  as  furnishing 
compositions  of  this  kind  that  have  been  used  with  exceU( 
results,  that  marked  ''summer"  running  for  1,200  miles: — 


ung 


*  Chemistry  applied  to  the  ArU  and  Afanv/nciuree^  vol. 
p.  744. 
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Winter. 

Sammer. 

Tallow,  . 
Palm  oil. 
Sperm  oU, 
Soda  crystals. 
Water,  . 

Cwta.    qn.    Ib«. 

3      3      0 
2      2      0 

0  1      7 

1  0    14 
12      3    12 

LlM. 

=       420 
=       280 
35 
=       126 
=    1,440 

2,301 

Cwt«. 

4 
2 

0 

1 
12 

qn.    lbs. 
2      0       = 
2      0       = 
0    27       = 
0      8       = 
0    26       = 

Lbs. 
504 
280 
27 
120 
1,370 

2,301 

20      2      5 

20 

2      5 

These  quantities  are  reckoned   to  give   1   ton  =  2,240  lbs.   of 
grease,  allowing  about  2^  per  cent,  for  loss. 

A.  H.  Allen  gives  the  following  composition  of  a  similar 
German  waggon  grease :— 


Tallow,     . 

24-6 

Palm  oil. 

9-8 

Kape  oil. 

11 

Caustic  soda, 

5-2 

Water,      . 

69-3 

1000 


The  following  composition,  containing  a  smaller  proportion  of 
saponaceous  matter,  has  been  patented  by  Hervieux  and  Bedard  * 
as  a  superior  form  of  axle  grease  : — 


Codfish  oil, 
Beef  tallow. 
Rosin, 
Soft  soap,  . 


24  parts. 
16    „ 

1  „ 

2  .. 


A  somewhat  analogous  imperfect  lime  resin  soap  is  used  for 
railway  trucks  unprovided  with  axle  boxes,  carts,  and  waggons, 
and  similar  vehicles ;  this  is  made  by  elutriating  slaked  lime 
(by  stirring  up  with  water  and  running  the  "  milk  of  lime " 
through  a  succession  of  settling  tanks),  and  thoroughly  inter- 
mixing the  limemud  with  rosin  oil  in  the  cold ;  the  resulting 
mass  is  often  intermixed  with  coarse  greases  and  other  sub- 
stances of  the  third  class,  and  sometimes  with  mineral  substances 
possessed  of  antifrictional  qualities ;  thus  the  following  com- 
position has  been  patented  by  A.  Purvis  t  as  an  improved 
lubricant  capable  of  resisting  unusually  high  temperatures  : — 


Japanese  tallow. 

2cwt. 

Russian  tallow, 

3    „ 

Olive  soft  soap, 

2    „ 

Lard  oil. 

108  lbs. 

Castor  oil,      . 

.        108    „ 

Carbonate  of  lime,     . 

10    „ 

Carbonate  of  soda,    . 

10    „ 

*  English  Patent  Spec,  4190,  1 

889. 

t  English  Patent  Spec,  13,936,  1890. 


OILS,    FATS,    WAJtEg,    ETC- 


I 


Tlie  m&ss  is  heated  and  weU  intermixed,  with  the  addition  oCj 
I  cwt.  of  finely  pulverised  mica,  or  of  china  clay,  or  of  the  t 
together.     After  standing  twenty-four  hours  it  is  again  h»ted,' 
and  20  lbs.  of  zinc  oicide  added  ;  after  thoroughly  com  mingling 
the  mass  is  then  subjected  to  hydraulic  pressure  so  as  to  aqoeett 
out  any  water  present. 

Numerous  analogous  mixtures,  ct>nsi8ting  essentially  of  tallov 
or  oil,  soap  of  some  kind,  and  solid  pjwdery  matter  (sucii  u 
graphite,  steatite,  or  sulphur)  are  in  use  as  antifriction  oc»m- 
poeitions. 

Greases  of  the  Third  Class. — ^Tbese  are  the  most  dangerous 
lubricating  materials  in  use  from  the  point  of  view  of  lishility 
to  Ukflammation  ;  refuse  coal  tar  dead  oils,  anthracene  oils^  creoiote 
oils,  Ac,  have  frequently  a  relatively  very  low  flashing  point,  and 
when  once  set  on  fire  are  not  easily  extinguished.  Such  am- 
pounds  should  not  be  used  at  all  in  a  mill  or  similar  buildiaj 
where  great  damage  by  fire  might  lye  occiisioned. 

Analyais  of  Xiubricating  Oils  and  Greases. — Oils,  ks.^ 
oomsisting  wholly  of  organic  matters  will  obviously  leave  w> 
ash  on  careful  incineration,  whereas  if  any  soapy  material  of 
other  inorganic  *'  antifriction  "  constituent  be  present,  inort*  or 
less  residue  will  be  left  when  a  known  weight  of  substance  lit 
Caudously  heated  (e,g.^  in  a  platinum  dish)  and  the  residail 
carbon  burnt  ofi'  An  examination  of  this  residue  may  lie 
as  regards  the  quantity  of  alkali  eonta.ined;  the  amount  of 
alumina,  steatite,  Jtc,  present,  and  so  on. 

Organic  suspended  matters,  such  as  Irish  moss  or  seaweiad. 
jelly,  lime  or  other  soaps  insoluble  in  ether  i.»r  petroleum  spii 
Jtc,  may  be  conveniently  sought  for  by  tbiiming  the  mal 
with  the  solvent,  and  passing  through  a  weighed  filter, 
washing  out  all  soluble  matters  ;  the  residue  may  be  weighed, 
portion  incinerated  to  obtain  the  proportion  of  inorganic  matteri 
present,  and  the  remainder  further  examined  as  may  sean 
requisite.  When  metallic  soaps  (alumina,  iron,  Jcc.)  are  present^ 
the  metallic  bt'isis  can  l>e  conveniently  removed  by  tbining  th« 
grease  with  ether,  itc,  and  agitating  with  water  strongly  acidu 
lated  with  hydi-oehluric  acid. 

When  saponaceous  matters  are  present  (e  y.,  whea  the  ** 
from  oil  refining  by  alkaline  processes  (p.  260)  are  used 
gredients,  or  when  lime  and  rosin  spirit,  or  soda  and  palm  _ 
ic,  are  used,  as  with  certain  kinds  of  wajrgon  grease),  the 
methods  employed  in  soap  analysis  are  available  with  suitable 
modifications ;  thus  the  tot^l  alkali  present  may  be  conveniently 
found  by  shaking  with  ether  and  a  slight  excess  of  standard 
acid  (hytlrochloric  or  nitric),  separating  the  watery  part  and 
back-titrating  the  excess  of  acid  not  neutralised.  By  addmg 
phenol phtbalein  to  an  alcoholic  solution  of  the  oil  or  greasey 
and  cautiously  dropping  in  standard  acid,  and  shaking  after  each 


ftcidu- 
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addition,  the  amount  of  alkali  or  alkaline  earth  present  other- 
rise  than  as  soap  may  be  at  least  approximately  determined  ; 
.d  by  further  diluting  with  water,  adding  ether,  petroleum 
Ipirit,  carbon  disulphide,  or  other  con veri tent  Koh'ent,  and  excess 
pC  standard  acid,  the  total  alkali,  «S:c.,  may  be  determined  as 
ibove ;  whilst  after  separating  the  solution  of  oil  in  ether,  &a, 
"  le  fatty  and  resinous  acids  set  free  may  be  titrated  therein  in 
ttie  usual  way  (p.  116). 

Glycerides  (aniniai  and  vegetable  oila  and  fats)  and  liquid 
waxes  (sperm  oil,  itc.)  are  determined  aa  with  ordinary  oils 
(p,  162) ;  after  neutralisation  of  free  fatty  acids  (or  alkalies) 
0688  of  standard  alkali  in  added  with  ak-ohol,  and  the  whole 
boiled  some  tioic  with  an  inverted  condenser  and  the  alkali  not 
iaeutralised  determined  ;  the  product  dilute<l  with  water  and 
riiaken  with  petroleum  spirit  gives  a  watery  solution  of  tiic  soap 
fbrtned  by  saponification  of  the  glyceride,  from  which  the  con- 
tained fatty  acid  may  he  separated  and  subjected  to  examination; 
whilst  the  petroleum  spirit  contains  in  solution  the  hydrocarbona 

B resent  in  the  original  grease,  together  with  non-fatty  acid  oxi- 
Lsed  matters,  such  as  cholesterol  fin:)m  woolgrease^  Ac.,  tho 
higher  alcohols  formed  by  saponification  of  sperm  oil,  and  the  like. 
When  requisite  tliese  may  bo  further  examined  l>y  tho  acetyla- 
tion  process  (p.  186), 

As  a  general  rule,  the  chemical  analysis  of  a  given  lubricant 
mifords  very  little  information  as  to  its  suitability  for  any  parti- 
cular purpose  ;  but  certain  lalK>ratory  determinations  are  often  of 
eonaiderable  value,  more  especially  the  determinations  of  rate  of 
loasof  weight  on  heating  to  given  temperatures  for  specified  times  ; 
of  the  efflux  **  viscosity  '*at  specified  temperatures  ;  and  to  a  lesser 
extent  of  the  specific  gravity.  The  **ilasljing  pohit"  and  the 
Aomwhat  higher  temperature  of  firing  (** ignition  point' )  are  also 
important,  especially  with  mineral  oils.  The  principal  chemical 
tests  of  practical  value  are  those  for  free  mineral  and  organic 
acidSf  more  especially  the  former.  The  chief  utility  of  analysis 
in  the  case  of  lubricating  oils  is  to  decide  whether  they  are  of 
the  composition  stipulated  for  in  a  contract — *\(j.,ais  to  containing 
given  percentage  of  sperm  oil  intermixed  with  hydrocarbons, 
and  so  on  ;  or  to  see  whether  otherwise  genuine — e.tj.^  in  tlie  case 
of  rape  or  castor  oil^  as  to  whether  adulterated  with  otlier  sub- 
Atances,  such  as  cheaper  mh  or  hydrocarbons ;  or  in  the  case  of 
blown  oils  whether  artificially  thickened  by  addition  of  soft 
8oap,  aluminium  ijleate,  rosin,  and  so  on. 

Occasionally  it  is  reciuired  to  find  out  whether  rosin  oils  have 
been  mlmixed  with  mineral  oil  lubricants  ;  for  this  purpose  the 
glacial  acetic  test  descriljed  on  p,  57  may  be  conveniently  used^ 
rosin  oils  being  readily  soluble  in  that  solvent  %vhilst  mineral 
-oiLs  are  practically  irisoluble  therein. 

Bate   of  Absorption  of  Oxygen, —  According  to  O.   Bach 
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the  facility  with  which  a  lubricating  oil  absorl>s  free  oxygeo  i« 
a  useful  measure  of  its  '*  jx^^iiJCiniing  "  tendency.  By  sealing  up  in 
a  glass  tube  euntaining  100-125  ac.  quantities  of  oil  of  from  3  to 
6  cc,  after  dispLacing  all  air  by  oxygen,  and  heating  for  t«i 
hours  to  110"  C,  a  more  or  less  considerable  absorption  of  ga« 
takes  place^  readily  determined  by  opening  the  sealed-up  end  of 
the  tui>e  under  water,  and  noting  the  amount  of  inrush.  Thai 
various  kinds  of  oils  gave  the  following  numbers  : — 


1  gTJimme 

of  V&lve  oil  (miaeml)                 aheorbed  01  cc. 

ofozygBL 

Valveoline                                        „         0*45 

ft 

Lubricating  oil                                „         0  7 

** 

Olconaphtha                                       „         S'd 
socalled  -Cod oU:"  sp. gr 0963 ,„      76*3 

tv 

»t 

Olive  oil                                          „     144U 

ii 

Ilape  seed  oil                                   „     106*0 

«f 

Cotton  eeed  oil                                ,,     111*0 

tff 

Rosiaoil                                           „     ISl'O 

»» 

i 


Little  or  no  acidity  is  shown  by  the  water  sucked  in  with 
mineral   oils,   but  with   others   with    which   the   abeorption  of 
oxygen  is  large,  a  strong   acid  reaction   is  manifest,  especiftllj  i 
in  the  case  of  rosin  oil. 


TURKEY  RED  OILS. 

The  chemical  differences  between  the  two  kinds  of  oils  treatedl 
with  sulphuric  acid  known  under  the  name  of  "Turkey  red  oils"! 
have  been  already  described  (p.  143,  et  seq,)^     In  the  practicilj 

*  Since  that  description  was  written  &  paper  by  P.  Juillard  has  app 
on  the  action  of  sulphuric  acid  on  olive  oil,  and  the  nature  of  olive  Tnrfcef  "* 
red  oil  {Jonm.  Soc.  Chtm.  Ind.,    1^P3,   p.   528,   from  BufUiin  Soc.   IwL.^ 
Mulhouae,  189'2^  p,  413).     The  first  action  at  0^  to  5"  is  described  as  the 
direct  combinntion  of  one  and  of  two  molecules  of  sulphuric  acid  with  oki&fl 
forming  mixed  glycerides,  containiu'^  simultaneously  the  radicals  of  ol«i0^ 
a  ad  oxystearosulphuric  acids^  and  resp  (actively  indicated  by  the  fornmhe —      ' 


CwHa 


CO. 
CO. 
CO 


Ci-Hm- 

CjjrHs^ 


0 .  SO3H 


(O.CO.CkH,4,O.SOiH 
and  CflHs    0 .  CO .  CkHj*  .  O .  SO|H 
<Q.CO,CirH« 

By  the  further  action  of  sulphuric  actd»  these  give  rise  to  other  moi 
complex  mixed  glycerides  containing  siniidtaneously  the  rndtcol^  «jf 
phuric  and  oleic  or  oxystearoaulphuric  acids,  and  also  that  of  a  **  poly- 
merised "  oleO'Oxystearic  acid,  viz, : — 


(O.CO.CirlU*. 
CaH^s  ]  0 .  CO ,  CnHas 
(  0 .  SO^H 

IO.CO.Ci,H,i, 
andCjiHs    U.CO.Ci:H34, 
(0.SO3H 


O.CO.CirHj, 


O .  CO .  Ci;Uia 
O.SOjH 


Commercial  olive  Turkey  red  oil  chiefly  consists  of  the  sodium  saltoof 
ftcids  and  of  their  derivatives  and  proiucta  of  decomposition  (oleic,  oSy* 


A 
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manu£Eu;ture  of  the  castor  oil  products  it  is  generally  considered 
indispensable  to  prevent  the  temperature  from  rising  materially 
above  35'  or  at  most  40'  C,  otherwise  secondary  reactions  take 
place,  leading  to  evolution  of  sulphurous  acid,  and  production  of 
inferior  products.  The  oil  is  run  into  a  wooden  tank,  preferably 
lined  with  sheet  lead,  and  provided  with  cocks  at  different 
heights  to  facilitate  the  running  off  of  wash  liquors,  &c.  ;  the 
sulphuric  acid  is  then  gradually  run  in  with  continual  agitation, 
either  by  hand-worked  paddles  or  by  a  mechanical  agitator. 
Considerable  differences  in  the  practice  of  various  makers  occur 
in  this  stage  of  the  process,  the  precise  details  of  working  being 
usually  regarded  as  trade  secrets ;  in  some  cases  the  acid  is  run  in 
at  one  operation,  more  especially  when  the  proportion  employed 
is  smaller;  in  others  part  added  at  one  time,  and  the  rest  at 
intervals ;  sometimes  half  being  added  one  day,  and  the  other 
half  the  next  day.  The  proportion  of  acid  used  also  varies 
considerably,*  from  15  to  40  per  cent,  of  the  weight  of  oil  used. 
After  standing  14—24  hours,  a  solution  of  common  salt  is  run  in 
and  the  whole  well  agitated  with  the  object  of  removing  excess 
of  firee  sulphuric  acid  not  converted  into  compound  acids,  glycerol, 
glycerosulphuric  acid,  and  such  like  substances  soluble  in  water, 
without  removing  the  soluble  compound  sulphuric  acids  formed, 
these  being  much  less  soluble  in  brine  than  in  plain  water.  If 
during  this  washing  the  liquor  become  much  heated,  considerable 
loss  is  brought  about  because  dilute  hydrochloric  acid  is  formed 
which  rapidly  hydrolyses  the  compound  acids  present;  plain 
water  is,  therefore,  sometimes  used  for  a  first  washing,  and  brine 
or,  better  still,  sulphate  of  soda  solution  for  subsequent  ones.  A 
certain  amount  of  soda  or  ammonia  is  then  run  in  to  the  washed 
oil  and  well  admixed,  so  as  to  neutralise  part  (but  usually  not  all) 
of  the  free  acidity ;  finally  enough  water  is  added  to  bring  down 
the  percentage  of  oleaginous  matter  present  to  the  requisite 
extent,  50  or  even  less  in  some  cases.  The  ultimate  product  is 
consequently  a  sort  of  emulsion  of  undecomposed  fatty  matter 
and  free  acids  disseminated  through  a  watery  solution  of  the 
soaps  formed  by  the  action  of  the  alkali  added  on  the  free  fatty 
acids  and  compound  sulphuric  acids  formed ;  if  properly  prepared 
so  as  to  contain  the  latter  in  sufficient  quantity,  castor  Turkey 
red  oil  can  be  diluted  with  water  without  allowing  oily  drops  to 
separate  until  after  standing  some  considerable  time  ;  and  may 
be  dissolved  in  ammonia  and  diluted  with  water  without  becoming 
seriously  turbid  through  separation  of  oil,  &c.  If  much  precipi- 
tation is  visible  solid  fatty  glycerides  are  present,  due  to  adulter- 

stearic,  oleostearic,  oleo-oxystearic  acids,  &c.)  formed  during  the  process 
of  washing  out  the  ancombined  sulphuric  acid. 

For  a  summary  of  the  bibliography  of  the  chemistry  of  Turkey  red  oils 
vide  Joum.  Soc.  Chem.  Jnd.,  loc.  ciL 

*  J.  A.  Wilson,  Joum,  Soc,  Chem,  Ind.,  1891,  p.  26;  1892,  p.  495. 


332 


OILS,    FATS,    WAXB8,    ETC. 


laid 


ation  of  the  ortgiiml   castor  oil  with  rape  or  oottcm  seed  ^ 
ikc. 

Acoorrliiig  t<>  P,   LcKi-htiti*  the  risk   of  spoiling  the  prodnci 
prepared  from  cfistor  oil   and  sulphuric  acid   >»y  overheating  U 
much  less  than  is  eoiiimoidy  gupppspfl,  firstly  l>ecause  no  decom- 
position involving  the  format  ion  of  sulphuric  acid  is  produced** 
tern penitu res  not  exceeding  70',  excepting  that  due  to  albunuDaid 
impurities ;  and  secondly,  bec^iuse  in  hia  view  oaly  the  free  &tty 
acid  is  of  nme  in  the  tlyeing  proeeas,  some  of  the  best  prepuBtiii 
only  cfjntaining  2  to  5  per  cent,  of  sulphuric  anhydride  (SOJ 
100  of  fatty   acitlii   {ricinoleosulphuric  acid   the^^jretically  oootb- 
sponds  with  a  ratio  of  80  parts  SU,^  t*»  29H  of  rieinoleic  a.cid,  or 
27  per  100).     jMoreover,  the  product  of  saponification  by  alkali 
(necessarily  contiiioiog  no  compt>und  sulphuric  acid)  gives  ir«ry 
hue  shatles  iii  practical  dyeing,  although  the  tendency  to  frothinj 
causes  the  colour  t^>  be*  ;i  little  uneven.     The  alkali  added, 
considers,  slioiild  l>e  ammonia  and  not  soda  or  potash,  t*eciiuse  i 
printing  st^am  colours  the  alkali  is  volatilised  and  the  free  fatt; 
aciil  left  im  the  cloth.     Iji  winter  20  to  30  part^i,  and  in  sumnii 
15  to  20,  of  concentrated  sulphuric  acid  are  use<l  (in  llussia) 
100  of  castor  uil  ;  a^KHit  one  half  of  the  acid  is  stirred  gra/lualV 
into  the  oil  during  nine  hnni"s  of  a  working  day  ;  the  ndxture 
allowed  to  stand  all   night,  and  the  next  day  the  rest  of  the 
is  stirred  in  and  the  mixture  allowed  to  stand  until  a  sampl 
taken  out  exhibits  a  clear  solution,  when  a  few  drops  are  shok* 
with  distilletl  water  in  a  test  tul>e:  if  allowed  to  st^nd  too  loi 
a  cloudy  Huid  is  obtained,  just  iia  when  tlie  miction  has  not 
sutHeiently  prolongaL     At  the  proper  time,  an  equal  bulk 
oc4d  water  is  added  to  the  fluid,  when  the  oil  separates  and  ii< 
on  the  diluted  acid  solution  ;  if  a  larger  proportion  of  free  fatlj 
4k?id  (hydrolyseti  sulphuric  compnunds)  is  desii-ed,  hot  ivater  i* 
usetl  instead  of  eoki 

Formerly  tliis  hydrolytic  decomposition  was  usually  regarded 
as  tlie  chief  tlojig  U*  he  feared  and  avoided  in   manufacturing 
Turkey  red  oils  ;  but  recently  such  oils  have  l>een  pla^^-ed  on  tl 
market  under  the  name  of  *'oxyoleates''  by  Me^ssrs,  Sehmit* 
Toenges,  of  Heerdt  (Diisseldorf),  in  the  prepai-ation  of  which 
salted  out  fatty  acid   is  purposely   heated    to    105*    to    120* 
whereliy  practically   all    sulphur   is   eliminated  in  the    form 
sulphurous    and    sulphuric   acids. f     According   to  P.   Werner, 
these  j>roducts  are,  for  certain  applications,  superior  to  the  uai 
Turkey  nd  oils  containing  sulphurised  .icids. 

Analysis  of  Turkey  Red  Oils.^In  order  to  hydrolyse 
compnund  sulphuric  acids  present,  a  weighed  quantity  is  agitat 
with  about  twice  its  volume  of  saturated  brine,  and  about  om 

*  Jcurn.  Soc.  Chem.  Ind.,  lStK>,  p.  498. 
tEu|;Hah  FateDt,  14,430,  189L 
tJourn.  Soc,  Cherm  Ind.,  1803,  p,  40. 
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volume  of  strong  hydrochloric  acidj  whereWy  liydrolysiji 
\y  brought  about ;  tho  product  is  tjien  shaken  up  with 
ler,  the  ethereal  solution  evaporated  to  dryness,  and  the  residue 
ipuriBed  by  solution  in  alcoliol  and  filtration  to  remove  saline 
tnntters,  and  evaporation  till  all  alcohol  ia  driven  off  (J.  A. 
WUson).  The  residue  is  examined  so  as  to  determine  the 
amount  of  unaltered  j^^lycerides  present  alon*?  with  the  free  acid 
by  the  ordinary  methods  described  on  pp.  116,  157.  The  pro- 
portion of  ricinoleosulphuric  acifl  originally  present  is  ascer- 
tained by  determininof  the  total  amount  of  liariiim  sulj>hate 
ibtained  from  the  acid  brine,  and  subtracting,'  therefrom  the 
ount  present  as  ordinary  suljihate  obtained  by  agitating 
the  oil  with  hrine  and  ether  in  the  .same  way,  but  without  the 
addition  of  hydrochloric  acid,  Obviou.^ly  the  weight  of  com- 
pound sulphuric  acid  deduced  from  the  corrected  weight  of 
barium  sulphate  thus  obijiined  will  be  very  ditte rent  according 
it  is  reckoned  as  ricinoleo-sulphuricaeid  ordiricinoleosulphuric 
id  (p.  14G),  2»^3  parts  of  barium  sulphate  corresponding  with 
78  parU  of  the  6rst  and  with  (yTyH  of  the  second,  and  con- 
uently  with  518  parts  of  a  mixture  of  the  two  in  equivalent 
proportions,* 

Another  tnoile  of  determining  the  relative  proportions  of 
sulphurised  and  non-sulphurised  acids  present  is  to  titrate  with 
Btandanl  alkali  twice,  using  litmus  as  indicator  in  one  case,  and 
henolphthalein  in  the  other ;  the  sulphurised  acids  are  given 
ly  the  first  titration,  and  the  others  by  the  difference  between 
the  two.  Soheurcr  Kestner  recommends  ammonia  as  the  alkali, 
notwithstanding  the  uncertainty  of  the  indications  of  phenol- 
pbthalein  therewith. 

Juillard  t  condemns  this  method  of  examination  as  giving 
inaccurate  results,  in  the  light  of  his  own  more  recent  re- 
searches (ttupra ;  rifk  also  p*  147),  more  especially  when 
diricinolein  sulphuric  anhydride  is  present ^  as  is  usually  the 
case.  He  considers  that  the  essential  determinations  are  those 
of  the  fatty  acids  in  the  usual  way,  and  of  sulphuric  acid  and 
glycerol  after  hydrolysis  of  the  oil  by  boiling  with  dilute 
hydrochloric  acid.  In  view  of  the  diflbreut  shades  yielded  in 
dyeing  and  printing  by  the  various  components  of  the  oil,  a 
determination  is  desiralile  of  the  molecular  weights  of  the 
£ettty  acids  present  in  the  soluble  and  insoluble  states.  This 
may  be  accomplished  by  Kaoult's  method,  care  being  taken  to 
use   enougli    water   to   bring   into   solution    the    whole   of  the 

•  402  woa  founil  by  Scheiirer  Kestner  as  the  equivalent  weight  of  tziixed 
I  com|jound  aulplmric  aci'l^  formeil  in  one  casc»  480  beini;  the  corresponding 
value  of   the   nonaulphuri^ed   acids  aimultaneonsly   produced  (riciimleic 
[  acid  -  298 ;  diricinoleic  aciil  =  57H)- 

fJourn.  Soc.  Chsm.  Ind,,  1892,  p.  357  :  from  BuUHin  Soc.  €him„  Paris, 
1891.  6»  p.  638, 
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soluble  ftclds.      As  usually  prepared,  Turkey  red  oils  oonttiii  I 
some   45   or   50   per   cent,   of   oil   capable    of   being  sep&raUd  I 
'  hj  mOMis  of  hydrochloric   acid   and   brine,  the    Isalance  beis^ 
'««ler    mod    small    quantities   of    saline    matt'er,    izc^      Of   th« 
'QQIMunited  oil  gener&llj  about  onefourtb  consists  of  tin&Itered 
gljcertde&     The  alkali  added  is  usually  insufficient  to  neutralise 
all  the  free  acid,  as  a  rule  only  about  one-third  being  neutralised 
On  addition   of  water  and  ammonia  to   the   product  a  clear 
cnmlirian  or  soliitioii  is  formed  if  solid  glyceride-s  are  abient;i 
boi  a  nore  or  lees  turbid  Huid  on  account  of  precipitation  if  J 
these  are  present  through  use  of  adulterated  oil,  i^c 

In   order   to   examine  Turkey  red   oil   (from   castor  oil)  foi 
aduUeration   with  cotton  seed   oil   and  other  glycerides,  J.  A^l 
Wilson  recommends  (/or.  cit,  supra)  that  a  weighed  quantity  ofl 
oil  (100  grammes)  should  be  saponified  by  boiling  with  methy-f 
tated  spirit  (250  c.c)  and  pure  caustic  potash  (20  grammes)  fori 
an  hour,  with  inverted  condenser  attached ;  after  evaporating  oS-i 
ibe  aloohol,  the  residue  is  dissolved  in  h^ilf  a  litre  of  water,  andl 
the  aoap  decomposed  with  a  slight  excess  of  sulphuric  acid,  boil-] 
ing  the  whole  for  an  hour.     To  avoid  bumping,  a  piece  of  pumitt ' 
stone  coiled  round  with  platinum  wire  should  be  placed  in  the 
flftsk.     After  standing,  the  fatty  acids  are  collected  by  siphoninje; 
off  the  acid  liquid  through  a  filter,  and  washed  several  times  with 
hot  water,  and  then  dried  at  100",  and  examined  further.     The 
specific  gravity  at  98",  as  taken  with  a  Westphal  balance,  variefi 
considerably  according  as  the  fatty  acids  are  derived  from  castor,  l 
oUve^  or  cotton  seed  oil ;  thus— 


Castor  oil  acids, 
Olive  oil  acids. 
Cotton  seed  oil  acids, 


0*892  at  ^rC 

0-872 


The  fatty  acids  derived  from  pure  castor  Turkey  rerl  oil, 
sophisticated  with  any  other  oil,  do  not  deposit  more  than  i 
of  solid  matter  at  15' '5,  whilst  much  more  is  obtained  with  oUre] 
oil,  and  still  larger  amounts  with  cotton  seed  oiL  The  melibg] 
points  of  the  latter  two  acids,  when  tested  by  the  capillary  tube] 
pressure  method  after  solidification,  are- 


Cotton  seed  oil  acids, 
Olive  oil  acids. 


44' C. 

40"  a 


The   neutralisation   numbers    of  the   fatty  acids   do  not  differ 
much — 


Caator  oil  ocids, 
Olive  oil  acids, 
Cotton  aeed  oil  acids, 


ISO  to  184 
173  lo  176 
171  to  175 


The  iodine  number  of  the  castor  oil  ocitls  is  very  variahle^  being 
dependent  on  the  age  of  the  castor  oil>  and  the  method  of  pre- 
paring the  Turkey  red  oil,  especially  the  amount  of  sulpburif 
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add  used ;  so  that  no  indications  of  any  value  as  regards  adul- 
teration can  be  derived  by  its  means. 

The  acetyl  test,  on  the  other  hand,  gives  indications  that  are 
of  service  in  this  direction :  the  fatty  acids  are  boiled  for  an  hour 
and  a  half  with  four-fifths  their  weight  of  acetic  anhydride  with  a 
reflux  condenser,  and  the  acetylised  product  washed  with  hot 
water  till  the  washings  are  neutral  to  delicate  litmus  paper.  A 
weighed  quantity  of  the  acetyl  product  is  then  exactly  neutralised 
with  alcoholic  potash  in  the  cold  (whereby  the  ^^  acetyl  acid 
number"  is  obtained,  p.  187);  excess  of  potash  is  then  added 
(about  1)  times  the  first  amount),  and  the  whole  boiled  half  an 
hour  to  saponify  acetyl  derivatives,  the  unneutralised  potash 
being  finally  titrated.  The  amount  of  potash  neutralised  during 
this  second  part  of  the  titration  {acetyl  number)  varies  consider- 
ably, according  as  pure  castor  oil  has  been  employed,  or  castor 
oil  admixed  with  olive  or  cotton  seed  oils ;  so  that  whether  the 
observed  "  acetyl  number  "  is  wholly  due  to  the  saponification  of 
acetyl  derivatives,  or  (as  seems  more  probable,  p.  189)  is  partly 
due  to  the  hydration  of  anhydrides  formed  by  the  action  of  acetic 
anhydride  on  fatty  acids,  in  any  case  it  affords  a  means  of 
detecting  adulterations;  thus  Wilson  gives  the  following  aver- 
ages:— 


^^^^^ 

Sum  (socalled 
Acetyl  Number.     '  "Acetyl  Saponlfl- 
1  catiou  Number"). 

Castor  oil  maximum,    . 
„         minimum,    . 
Olive  oil,      . 
Cotton  seed  oil,    . 

144-0 
149-2 
158-7 
1790 

143-4         1         2S7-4 

138-7         1         287-9 

106-3         '         265-0 

530         ;         232-0 

These  acetyl  numbers  are  considerably  higher  than  those  yielded 
by  the  fatty  acids  obtained  on  saponifying  olive  and  cotton  seed 
oils  not  treated  with  sulphuric  acid,  quoted  on  p.  188,  suggesting 
that  either  a  considerable  amount  of  oxystearic  acid,  or  some 
analogous  substance,  is  formed  by  the  action  of  sulphuric  acid  on 
olein  and  saponification  of  the  product ;  or  else  that  the  forma- 
tion of  anhydrides  under  the  influence  of  acetic  anhydride  takes 
place  more  readily  with  the  fatty  acids  obtained  after  treatment 
with  sulphuric  acid,  than  with  those  formed  by  the  saponification 
of  the  original  oils.* 

Hydrocarbons  (petroleum,  rosin  oils,  &c.)  are  easily  detected 

♦  In  all  probability,  the  modification  of  the  acetyl  test  proposed  by 
liewkowitscn  (determination  of  '* distillation  acetyl  number"  instead  of 
**  titration  acid  number,"  pp.  190,  198)  would  give  better  results  than 
those  obtained  by  Benedikt  and  Ulzer's  method,  errors  due  to  formation 
of  anhydrides  being  thus  eliminated* 
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fer  taaniiig  and   currying 

i  worked  into  the 
s«bseqiieiitlT  remoTed^  partly  br 
and  saponifying  action  of 
tkefw  ivids  are  decomposed  b?  la 
ij  pattlj  consisting  of  free  hxij 
[  gljciride&.  When  tallow  his 
**daW»ii''  employed, 
is  of  llikicer  ooosistency  th^n  th 
t  faairv  been  emplojed^  such  as  * 
D  €fl.  Tbe  greanca  thua  obtained. 
» aooMtmea  k]ic»wn  aa  ^' sod  oib' 
i  cod  vSk  mmd  saaHar  sobslanoes  are  abiorM 
E  ta  tkm  air,  a  cvrtain  amount  of  oxida^ 
J  tlia  iff^ained  oil  even  better  for  us^ 
I  Dtalerial ;  aoconiiii^y  it  is  sometimes  iht 
ia  Fraace)  to  pr^iare  sod  oil  (Moellon) 
ased  aoletjr  for  the  porpoGiv 
oat  a^ua  after  sufficient  exposure  t» 
Ful  of  liie  ^ood  effect  prodaced  by  sod  oil  and  grease  thil 
bas  been  aliuadj  used  pre^rioafllj  is  ^ipposed  by  some  t*:»  be  dot 
ta  tiba  pciiatiwie  af  taniifiig  matters  therein  dissolved  out  from  tbe 
lemiber  and  contained  tn  a  coaditton  peculiarly  adapted  to  tht 
finidiing  of  Ibe  tanwii^  ptoce«  in  another  skin  ;  others  beUen 
thai  tbe  beaefidal  elieet  is  at  least  partly  due  to  the  solution  in 
tbe  grease  of  nitrageaoiB  matters  not  averted  by  tanning  tnd 
tiieir  8ab0e(|««it  resnoval  bj  sque^ng  out  the  greasy  solatioa 
mpttiaSJtf  if  the  operation  is  done  hot.  The  recovered  degns  al 
any  rate  contains  more  or  kaa  nitrogenous  matter,  whidi  h  1^ 
undkssolTed  aa  a  resinoid  mass  iHien  the  material  is  treated  tnth 
light  petitklenm  spirit ;  fuKhen  a  considerable  amount  of  oxyo 
add  (or  some  similar  Oixy  acid,  such  as  dioxypalmitio  acid)j 
usnally  present,  and  in  the  ease  of  d<%ras  made  from  train  ou 
more  or  less  cetylic  alcohol  and  similar  bodies  pnxiuced  by  f 
hydrolysis  or  sapouificatioin  of  their  compound  ethers,  tog 
with  cholesterol ;  the  presence  of  these  substances  enabli 
matters  to  become  emuLsi6ed  with  water  and  thus  to  p 
the  tissues  more  readily,  just  as  in  the  case  of  lanolin  ap 
A  li\ing  skin  (infira).* 

Artificial  degras  and  curriers'  greases  and  dubbin  are  ] 

^  For  aiialy9es  of  Tanooji  kinds  of  degras,  sad  a  disenssioa  of  their  roeal 
nature,  vide  Jourm,  Soc,  Ckem,  /sd.,  1S91,  p,  S57 ;  1898,  p.  IS39,  " 
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by  intermixing  tallow  and  cod  oil  or  similar  materials,  red  oil 
(crude  oleic  acid  from  the  candle  factory,  Chap,  xvi.)  and  wool- 
grease  sometimes  entering  into  the  composition,  together  with 
neutral  soap,  or  imperfectly  made  soap  prepared  by  heating 
together  oil  with  an  amount  of  alkali  insufficient  to  saponify  it 
completely.  These  products,  however,  are  generally  regarded 
as  greatly  inferior  to  that  prepared  by  the  oxidation  of  cod  or 
other  fish  oils  in  contact  with  skins,  so  that  for  the  finer  kinds 
of  French  leather  only  the  latter  are  employed. 

Sod  oils  obtained  by  simple  pressure  from  skins  treated  with 
olive,  cod,  or  menhaden  oil  are  valuable  when  properly  refined 
for  the  lubrication  of  delicate  machinery  (clocks  and  watches,  «&c.), 
not  being  liable  to  clog  and  thicken. 


MANUFACTURE  OF  LANOLIN. 

Wool,  as  cut  from  the  sheep's  Imck,  is  largely  impregnated 
with  a  greasy  material,  suint,  the  inspissated  perspiration  of  the 
animal ;  this  partly  consists  of  various  natural  potash  salts  and 
soaps  soluble  in  water,  partly  of  cholesterol  and  isocholesterol 
and  their  stearic  and  other  compound  ethers,  and  to  a  small 
extent  of  eery  lie  cerotate,  and  other  waxy  organic  matters. 
When  solvent  processes  are  employed  for  dissolving  out  the 
grease  (e.^.,  by  means  of  ether  or  carbon  disulphide)  the  sub- 
stance obtained  by  distilling  oflf  the  solvent  is  a  tarry  brown 
mass  of  unpleasant  odour,  of  specific  gravity  at  15°  about  0*973, 
melting  at  near  40°,  sparingly  soluble  in  alcohol,  and  only  very 
difficultly  saponifiable,  as  the  cholesterol  ethers  are  compara- 
tively very  stable ;  the  "  woolgrease "  thus  obtained  is  usually 
distilled  by  means  of  superheated  steam,  whereby  a  mixture  is 
produced  mainly  consisting  of  free  fatty  acids  and  cholesterol, 
from  which  "  wool  stearine  "  is  obtained  by  expression.  Methods 
for  cleansing  wool  by  means  of  grease  solvents  have  not  come 
largely  into  use  in  Britain,  it  being  usually  considered  that  the 
heating  requisite  to  remove  the  residual  solvent  from  the  wool 
does  more  injury  than  the  action  of  soap  in  the  ordinary  wet 
process  of  wool  scouring.  Opinions  on  this  point,  however,  are 
by  no  means  unanimous. 

On  the  Continent  wool  cleansing  by  means  of  solvents  has 
made  much  more  progress,  and  a  variety  of  different  forms  of 
apparatus  have  been  patented  in  which  the  use  of  ether,  fusel  oil, 
carbon  disulphide,  light  petroleum  spirit,  benzene,  itc,  has  been 
claimed.* 

By  treatment  with  water,  fleeces  yield  a  solution  of  potash 

•  For  a  description  of  Sin^i^er  &  Judell's  arrangements  in  which  carbon 
dbalphide  is  the  solvent,  vidt  a  paper  by  Watson  Smith,  Joum.  Soc,  Chem, 
Imd.,  1889,  p.  24. 
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m  wiodi  tfaa  choloBterol  and  other  compound  ethers,  iLc, 
■Milnfied;  the  eztmclioft  from  the  wtiter}-  pnxluct  thus 
of  m  pmified  enmlBioti  ftw  inecUcinul  purposes  wras  ik- 
.  bj  Pktteofkfag  in  tlie  first  centurr  aak^  utifler  the  nuoe 
h  more  reEnetl  preparatiun  of  tbe  kind  bas  of  Uie 
been  sonoevlmt  largi^Iy  etnptoye>d  under  tbe  name  di 
To  prepare  this  luat^rial^  Braun  k  Liebreich  •  subjijcl 
in  vbich  fleeces  h&ve  beea  washed  (or  a  mixture  of 
^'hX  and  soapmter  fennmg  an  analo^ou?;  em  u  Is  It  m)  to  ceutn- 
i  aetioit,  wherebj  a  separalioii  m  effected  some  what  anahigCMis 
tin  tluLi  ptodiiced  in  a  cream  separator ;  w^atery  soap  solutiOQ 
i  away«  wlolst  a  eofi  grease  along  with  solid  dirty  piirticle«ift 
itttained.  *  The  former  is  subjected  to  treatnient  with  acids,  ^k\, 
Ilbr  tbe  reco\-ery  oC  the  fatty  acids  contained  in  tbe  mMf 
LfCbap.  Xll.) ;  tlie  Utter  is  puritied  by  kneadin*;  with  water, 
Ituig,  and  Uliratkniy  or  solution  in  apprnprii^ie  »*olveoU, 
^fi»Qo«^  by  fnrtber  kneading  with  water  until  all  «ohi>i?n  m- 
pnriliie  are  waabed  away.  The  puriBed  j^reosy  > 
obtaiiMd  poawwwii  a  remarkable  power  of  forming  a  lis- 

wmm  by  tbe  intimale  commingling  of  water  and  greaae  «o  a»  t» 
fbnn  a  stiff  semisolid  emulsion.  On  account  nf  tbe  pecnttar 
utility  of  tbi«  prodod  as  a  vehicle  for  enabling  dnig5<:,  Ac.,  to  be 
passetl  into  the  body  by  rubbing  on  the  skin  lanulin  impreg- 
nated with  tbe  desired  active  materiab  luid  its  use  i»  x& 
eaolUent  nngnent^  either  alone  or  in  ct^mbination  with  other 
mafteffiab,  it  has  oClalo  years  come  ^>niewbat  prominent ty  hdim 
die  pnblic ;  as  also  have  Tartous  other  subHtane^s  dilFering  tbeff- 
IKtm  in  no  eesential  particulars  except  the  trade  name,  and  m 
;  varying  degrees  of  purity, 
modifications  of  Braun  k  Liebreich*s  centnfugil 
process  have  been  subsefjuently  introduct*tL  In  oof 
of*  tikeMv  calcium  dtloride,  or  other  similar  salt*  is  added  to  th» 
water  so  as  to  form  insoluble  lime  salts  or  other  metallic  j 
llie  eeparation  of  the  grease  is  thus  facilitated,  whilst  by 
of  bo4  acetone  the  cholesterol  etbers,  waxe«,  &c.,  present  ir? 
snbseqnently  dissolved  out  from  tbe  soaps ;  after  distillatim 
of  the  solvent  the  residual  purified  woolgrea^e  is  tri>ated  intlt 
oxi^stng  agents  in  remove  animal  <idour  and  lighten  the  cobofi 
and  is  then  kneaded  with  water  till  the  rei^uisitc  consistsnejr 
is  attained^  Other  processes  of  a  fractional  solvent  cbaracti^ 
ai^  alao  employed  to  separate  from  the  crude  ^'anbydmt 
lanolin  "t  some  of  the  waxy  ingredients,  and  thus  oblaiii  a 
product  consisting  principally  of  cholesterol,  is<x-hole«;terol,  sad 
tbeir  ethers,  and  in  consequence  better  adapted  to  form  a  ms^ 
solid   emulsion  with  water,  suitable  as  an  unguent,  Stc. 

Some  of   the  products   sent   into   the  niarket   and  sold  at 

*  Kaglish  Patent  SpHr.,  4^992,  188SL 

t  Fi&  Levinstein,  Jomrm,  Soc  Ckem.  Imd,,  ISSIS,  p.  579, 
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"purified  woolgrease,"  or  under  various  fancy  names,  are  of 
much  less  desirable  character  than  others.  Levinstein  gives  the 
following  tests  as  those  by  which  the  purity  of  commercial  lanolin 
may  be  ascertained : — 

1.  If  2  to  3  grammes  of  lanolin  be  heated  with  10  c.c.  of  a 
30  per  cent,  caustic  soda  solution,  no  ammonia  must  be  dis- 
engaged. 

2.  10  parts  lanolin  heated  with  50  of  distilled  water  must 
yield  a  clear  oil.     Impure  lanolin  becomes  frothy  and  turbid. 

3.  If  oily,  the  lanolin  thus  separated  must  be  free  from 
glyceroL 

4.  If  rubbed  with  water  with  an  iron  spatula  on  a  ground 
glass  plate,  the  oil  must  be  capable  of  taking  up  at  least  its  own 
weight  of  water,  forming  a  sticky  and  paste-like  mass ;  if  impure, 
the  mass  will  have  a  soap-like  smoothness,  and  will  not  adhere 
to  the  spatula. 

Langbeck*  describes  the  following  process  for  preparing  a 
purified  lanolin : — The  wool  is  washed  twice  in  water  at  a 
temperature  not  exceeding  110*  F.,  and  dried  by  pressure 
or  centrifugal  action,  whereby  soluble  potash  salts  are  mostly 
removed ;  the  residual  wool  is  then  scoured  with  a  mix- 
ture of  potash  ley  and  olive  oil,  whereby  all  the  "woolfat" 
is  removed  and  the  wool  thoroughly  cleansed.  The  watery 
emulsion  is  evaporated  and  treated  with  alcohol  of  40  to  60  per 
cent.,  which  dissolves  out  potash  soaps,  leaving  behind  crude 
'^woolfat,"  purified  by  solution  in  benzene  or  carbon  disulphide, 
filtration,  and  distillation  of  the  solvent.  The  product,  after 
farther  purification  and  decolorisation  with  animal  charcoal 
(preferably  "  prussiate  waste  "),  and  subsequently  with  peroxide 
of  hydrogen,  produces  an  excellent  white  basis  for  pomades, 
ointments,  <kc.,  containing  20  to  30  per  cent,  of  mechanically 
intermixed  water.  The  unpurified  woolfat  forms  a  valuable 
lubricant  and  leather  grease. 

A.  Seibel  has  recently  introduced  a  sulphurised  lanolin  t  for 
medicinal  and  other  purposes  prepared  by  heating  lanolin  to 
120*  C,  with  about  20  per  cent,  of  flowers  of  sulphur,  whereby 
most  of  the  sulphur  is  dissolved ;  after  allowing  to  subside,  the 
gnpematant  sulphur-containing  liquid  is  poured  off  and  heated 
to  230**,  whereby  much  sulphuretted  hydrogen  is  formed,  together 
with  the  sulphurised  lanolin  ;  like  ordinary  lanolin,  this  mixes 
freely  with  water  without  separation,  forming  a  soft  semisolid 
emulsion. 

*Joum,  Soc.  Chem.  InJ.,  If 90,  r-  350. 
t  German  Patent,  No.  56,491. 
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CHAPTER    XV. 
ADULTERATION  OF  OILS  AND  FATS.  Ac 

The  atlulterations  mostly  practised  in  the  case  of  oils  and 
d'c,    may  t*P  br<>a*Jly  di\-i<led   into  two  classes — viz.,    (1) 
rhere  some  weight-giving  ingredient  is  added  qfwhtdly  /arti^ 

iurey  as  where  an  undue  proportion  of  water  is  tnechanicaUj 
admixed  with  soft  fat^,  such  as  butter  and  lard,  or  where  atarrhr 
mutters  are  added  to  the  latter  substance  ;  and  (2)  those  wbefv 
tbt^  adulterant  is  a  lower  prieetl  suJistance  «/"  tttfrrftUf/  nrniJar 
tutfun%  aa  where  cotton  seed  oil  is  admixed  with  oli\e  oil»  hemp 
seed  oil  with  linseed  oil,  or  oleomargarine  with  cow's  butter  In 
some  canes  mineral  hjdrocarlx»n8  (|x*troleum  distillate?)  or 
deHtnirfjve  fljst illation  oils  (paratiin  oils,  rosin  oil,  (fee)  w* 
admixed  with  animal  and  vegetable  oils;  or  sulistances  largeh 
consisting  of  uiiHapcmifiable  matters  derived  fn»m  woolgrcas*!. 
*S:c.,  with  tallow^  and  similar  saponifiable  solid  fats  ;  here  the 
nature  (jf  the  adulteration  is  rather  of  the  first  class  than  of  thr 
second,  inasmuch  as  by  appropriate  processes  the  adulterating 
impurity  may  (to  a  greater  or  lesser  extent)  l>e  analylicallj^ 
»t'partiU'fl  fi-fim  the  material  examined,  anil  directly  deteriuinei 
quantitjUively  ;  whereas  when  two  closely  similar  natural  oik 
ttc.»  are  admixed,  in  most  cases  it  is  difficult,  if  not  impossible,  t*t 
effect  any  t[uantitative  separation  of  constituents  whereby  tb*" 
extent  of  the  admixture  can  l)e  cb'rectly  determined,  although  in 
many  cttses  the  fact  of  the  admixture,  and  some  rou^h  idea  of 
its  extent^  can  be  arrived  at  by  inflirect  means — e.g,y  bv  tlif 
alteration  in  the  melting  point  of  the  mixeil  fatty  acids  obtaiii- 
al)lo  fin  saponitication,  or  the  increase  (or  decrease)  in  the  i<.*dint- 
nuinWr  nr  the  sapfinifieation  eiiuivalent ;  or  by  the  production 
of  some  particular  cnlour  change  with  a  given  chemical  reagent, 
not  shown  by  the  natural  «na<hdterated  oil,  itc. 

In  most  wises  (^f  the  kind,  moderate  certainty  can  only  I* 
ensurc'd  by  jnaking  eomparisun  tests  side  by  side  with  tb* 
substances  examined,  and  with  kno\^Ti  mixtures  of  pure  oils,  4kc; 
and  here  a  great  ditJiculty  is  at  once  encountered  in  obtaiainjr 
atJindard  samples  of  pure  materials.  In  many  instances  this  can 
cinly  Im^  diirie  satisfiictorily  by  preparation  of  the  standards  in  %h^ 
hdmratury  itself— e\//.,  by  expressing  hand-picked  samples  of 
seeds^  *l'c.,  so  as  to  ensure  that  the  seeds  themselves  shall  not  be 
niixtures  of  various  kimls,  and  the  oils  extracted  shall  l)e  ffpf 
from  all  other  sophistications.  Even  with  all  possible  care  in 
preparing  pure  substances  for  comparison,  there  still  remains  a 
certain   amount  of  possibility  of  error,  owing  to  the  natiif»l 
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ctuattona  brought  alKmt  by  differences  in  the  soi!  and  climate, 
lie  degree  of  cultiviation,  anrl  Hijniliir  causes.  Accordinq:ly,  the 
cuiilytic;d  deteetion  i>f  adult«ratiini  in  oiJs  antl  fats,  itc,  not  only 
spends  for  the  most  part  on  very  ditferent  principles  from  those 
iTolved  in  mineral  analysis,  e.f/.,  for  metals,  but  also  is  a  matter 
ennitting  of  much  less  quaiititative  certainty. 

The  methods  iulopted  in  tenting  commercial  samples  of  oils, 
ytSf  «fcc.,  necessarily  vary  with  eiich  substance  examined,  Ijut  in 
knenil  consist  of  a  suitable  selection  from  the  variouts  methods 
tove  described,  leased  on  the  physical  and  chemical  properties 

the  oils,  ttc,  (5 J  *J  and  3) ;  mure  especially — 

Tbe  physic4il  t^^xture,  cohmr,  taste^  and  ixlour  n£  the  sub- 
stance examined. 
The  eflect  on  jHjlarise*!  lights  and  the  refractive  index. 
The  speciiic  gravity  of  the  substance,  or  of  the  fatty  acids 

thence  obtainable. 
The  fusing  at  id  solidifying  points  of  these  fatty  acids. 
The  solubility  in  various  solvents. 
The  efflux  vek>city  at  various  temperatures. 
The  value  of  the  **  free  acid  nuinb<i*r/^ 
The  percentage  of  tinsaponihable  n^atters  present  {including 

water,  Buspended  substances,  and  inorganic  matters). 
The  natiire  of  the  elaidin  formed,  and  its  degree  of  con- 
sistency. 
In  the  case  of  drying  oils,  the  result  of  tests  of  rate  of 

inspisEuition  through  oxygen  absoiptiurn 
The   effect    of    qualitative    reagents    in    pnxlucing    colour 
reactions  (nitric  acid,  sulphuric  acid,  zinc  chloride,  itc.) 
The  degree  of  heat  evolution  on    mixture  with  sulphuric 

acid. 
The   nature  and  consistency  of   the  product   formed  mith 

sulphur  chloride. 
The  quantitative  result  of  KoHtstorfer^s  test  (saponification 

e*|uivalent). 
„  „  Hehner's     test     ( insoluble     fieid 

number). 
„  „  Reichert  s     test     (  vfrlatile     acid 

numV>er). 
„  „  Hiibrs  test  (imUne  numl>er). 

^  „  Benedikt  and  Ulzer  s  test  (acetyl 

number). 
The  results  tif   various  special   tests  applicable   in   certain 
particular  cases. 

,Tbe  following  particulars  respecting  the  normal  properties  of  a 
pr  typical  oils  and  fats,  ttc,  and  the  e fleet   thereon  of  various 
IterationSj  will  serve  as  illustrations  of  the  methods  usually 
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mAofiUed  in  pratfliiee ;  Ibr  more  full  details,  and  for  pankoltn 
respeetaii^  udier  qmbntinrfWy  analytical  trrati.9e$  ^fx^ciiill y  deallti;; 
wiln  Ibe  sftbjeel  aittBt  be  ootiSQlted.*  The  Diethods  of  aimlYEif^ 
wfilicsable  ui  tfaa  cmmi  of  grease  recovered  from  suds  Imve  been 
mmmdj  dk&LuamA  in  Qiap.  xii.,  and  those  employ eil  in  thecst« 
id  certain  naaufiiielatreci  oils,  ifcc  (Turkey  red  oils,  butter  suV^ 
atitates^  lubricaiitSy  ^b&),  m  Chap.  xiT. ;  soap  anal}*sis  g«2ZkenIlf 
la  dealt  with  in  Cluifk.  xtl 

As  regards  tlie  gejienil  principles  of  detection  cif  aduHt?nitioii 
It  is  to  be  borne  in  mind  that  the  object  of  sophisticatiDn  ii 
essentially  to  sell  a  cheaper  article  at  the  price  of  a  more  cortljf 
one,  by  adnuxing  the  Ibnuer  with  the  latter  ;  hence  the  rebtii 
priee  of  di&rent  kinds  of  oils  and  fat^,  Arc,  at  any  given  tiuiej 
largely   afi^cts   the   question  as    to    whether   certain    kindi 
adulteration  are  likely  to  be  practised  or  not.     Althoujrh  cos 
sidefmble  Taiiationa  in  prices  necessarily  t>ccur  in  the 
finom   time   to  time,  still   it   is  possible   to  draw  up  a 
etasdficatioii  of  oib,  Sx.,  according  to  their  relative  values  wK 
genuine.     The  fbllowing  list  is  given  by  A.  H,  Allen  (on 
anthorily  of  Mr.  T,  Duggan),  inchcating  the  usual  order  of  i 
subject  to  market  fluctuations : — 


L     Olive  oiL 

3.     Neat «  foot  oil  (geatuae). 

iBottieaoM  oil. 
Laid  oil 
CavtoroiL 
7.    CbdoiL 

iAnchisoil. 
Seaftmi^oiL 
P6ppj  seed  oil. 


11.  Colza  «ad  miie  oil 

I'Z  S«iloiL 

13.  Niger  seed  oil 

14.  1. --'  -\. 

lo,  V 

10.  (  i  mJ, 

17*  Menuaden  oil. 

15.  Japan  tish  oiL 

J9.  ^linend  oils.        ~ 

20.  Flosia  oil. 


OliTO  Oil. — The  natural  variations  in  the  quality  of  genu 
oil  of  olives  are    much    less   marked  tlmn    might   n  priori 
expected,  considering  the  wide  range  of  country  over  which 
olive  is?  grown  for  the  purpose  of  oil  production^  and  the  nunib 
of  varieties  that  have  been  induced  by  centuries  of  cultivsC' 
in  diiferent  climates  and  on  different  soUs  of  the  different  fij»< 
of  Oiea.      Thus  O,  mtropcea  {van  »yh^strU)  was  alluded  to 
Dioscorides  as  a  thorny  tree  gn>wing  wild  {'E>^4a  aypfo) ;  ' 
losing  its  thorns  by  cultivation  (like  the  sloe  bush^  the  parent  j 
the  garden  plums),  giving  the  variety  0,  ruro/Htu^  {rar.  aolis 
or 'K^uce/a  r.atfa;   which  again  has  been  the  |>ftrent  of  numer 
distinct  kinds  of  olive  trees    producing  fruit  of  very  diifeneut 
sizes ;   thus  the  socalled  "  French ''  olive  of  the  present  day 
juuch  smaller  than  the  "  Spanish  "  olive.     Apart,  however,  f 
these   subspecies   of  O.   europixa   grown   in   Greece,   Pha 

*E.g.^  Allen's  Commerciul  Orffcmie  Analynt;  Beiiedikt«  Am 
FeiU  unU  Wachsarten;  the  Analjf§i^  pawim,  &c. 
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[Palestine,  n.ncl  the  south  of  Europe  since  the  commencement  of 
jihe  historic  pentxl,  and  thence  introduced  and  accliiijatised  into 
laach  parts  of  America,  Australia,  and  elsewhere  as  po.ssess  suit- 
table  soils  and  climates,  other  oil-bearing  species  are  utilised  in 
lather  countries— *?. 7.,  0.  firrufjinea  (0.  cuspid ata)  in  Afghanistan 
Pluid  other  Himalaya  regions,  and  0.  capensU  at  the  Capa  oi  iluod 
Hope. 

Even  with  the  best  known  southern  European  varieties,  notable 

differences  in  the  quality  of  the  oil  extracted  are  found  in  exist 

according  to  circumstances,  more  especially  aeoonUng  an  the  frxiit 

b&s  thoroughly  ripened  on  tlie  ti^ees,  or  has  been  plucked  before 

^^quite  ripe  and  stored;  and  according a.s  the  oil  has  been  extracted 

^voy  gentle  pressure  in  the  cold,  or  by  hot  pressure,  especially  when 

^■Accompanied  by  grinding  processes  whereby  the  stones  are  also 

^ft broken  iij>  and  expressed  :  indeed  the  elifferences  in  quality  due 

^to  these  causes  appear  to  be  quite  as  strongly  marked  as  those 

due    to    soil,    climate,   and  degree  of  cultivation.       The    finest 

qualities  of  all  are  obt/iined  by  handpieking  olives  from  the  trees, 

selecting  those  not  over  ripe,  but  ripe  enough  to  allow  oil  to 

eicade  slightly  on  gentle  pressure  between  the  linger  and  thumb, 

and  pressing  verj'  gently  by  hand  in  cloths :  the  "  vii-gin  oil  '* 

r  thus  produced  is  subsequently  agitated  with  water,  and  allowed 

I  to  stand  so  as  to  remove  mucilaginous  matter^  tlie  puritied  oil 

ing  skimmed  off!     A  slightly  inferior,  but  still  line,  grade  of 

E>il  is  obtained  by  crushing  ripe   olives  (preferably  with  edge- 

Istooes,  but  without  breaking  up  the  olive  kernels),    and  then 

[pressing  cold  with  comparatively  little  pressure.     The  residual 

(known  in  Italy  as  Sanza  or  Noci'iulo)  is  broken  up,  stirred 

^with    boiling    water,    and   then   pressed   again    with   somewhat 

onger  pressure  ;    the  second   marc  (BiicctJi)  is    then  ground 

wn  with  heiivier  millstones  .so  as  to  crush  the  olive  stones 

|(if  this  were  not  done  at  the  first  crushing),  and  is  then  again 

llMirred  up  with   boiling  water  and   subjected   to  the  heaviest 

pressure  attainable  with    tlie  appliances  used  :    in  small  mills 

liese  are  usually  rough  screw  presses  (p.  200,  et  s*'^.\  but  in  larger 

[onns  hydi"aul»c  presses  are  emplr>yed  (p.  207,  f^t  a^q.)     Finally, 

[the  resiflual  oil  (several  per  cents.)  is  extracted  from  the  marc 

[by  means  of  carbon  disulphifle  i>t  otber  solvents  (p.  231),     The 

|«tetails  of  the  processes  used  for  extracting  olive  oil  \'ary  widely 

fin    difierent   districts  and  countries ;    thus    in    some    establish- 

|lDent.s  the  stones  are  separated  from  tlie  pericarp  and  the  two 

fcre-ttted  sepai-ately ;    a   superior  oil    is   thus  obtained   from    the 

pnlp^  whilst  "olive  kernel  oil ''  is  extracted  from  the  stones  by 

rinding  them  to  a  coarse  meal  and  then  pressing  or  treating 

ritli  carbon  disulphide,  ikc.     Excepting  in  l>eing  darker  coloured 

id  more  unpleasantly  smelling,  the  oil  thus  obtained  is  said  not 

|to  differ  materially  from  the  lower  grade  oils  obtained  frrjni  the 

fruit  pulp  ;  it  often  contains  a  large  percentage  of  free  fatty  acid* 
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ren<]rring  it  more  readilr  soluble  in  a]«oIm>I  thmn  orAumf  «fiv« 
oil,  thuM  resembling  the^hoiles  toftmaiile«'^  deri^wl  fronllw 
pul|>  (ifijra). 

In  thi.i  kind  of  fashion  seTeral  qtialiues  of  oliTe  oil  M  iilti- 
uiiitt^ly  obtainetl,  more  especially  *^vifgm'*  and  ^sUed*  oik  </ 
finest  tUvour,  generally  greenish  through  preemocB  ai  thkmi^j^ 
ami  of  8pH5citic  j^raWty  near  to  *916  at  15'  ;  ^'hniles  d'enler,"  *  ic 
flOtnowhat  lower  grades  of  inferior  flavour  (aometxmes  with  rnof 
or  1m9  marked  acrid  aftertaste  and  disagreeable  odotir) ;  ^ftma^"^ 
and  "  sulphocarbon ''  oils  (the  former  obtained  by  hot  prw^in? 
tiiid  the  latter  extracted  by  carbon  disulphide  or  other  stUv- 
geuurally  unfit  for  edible  purposes,  brownish  yellow,  andof  spe^iiw 

I  )^ravity  *920  to  *925  at  15''  ;  and  ^'huiles  toumantes"'  obtained 
fn»in  niort^  or  less  fermented  stored  fruit,  and  in  conseqaenct 
cnuHirlnnibly  mncid,  and  containing  large  amounts  (25  to  30  per 
cent.)  of  fioii  futty  aeids.  The  denser  varieties  deposit  solid 
inatterH  (iirnstly  fwdmitin)  on  chilling  si mie what  sooner  than  tbeii 
lighten*  nrn's, 

T\w  total  acid  number  of  various  ^^ra^les  of  olive  oil  has  been 
ftnnul  by  tiitFerent  autboritieH  to  lie  between  185  and  1*06^] 
in»rr«*?spoii(ling  with  the  sajionification  erjuivalent  272  to  303  ; 

1   b«ttt'r  grmlos^   however,  generally  furnish  a  total    acid    number' 
near  to  IIH  (saponiHcntion  equivalent  294)^  and  an  iodine  number 
near  to  83. t      Any  considerable  addition  of  rapie  oil  would  rai^e 
the  sapunirictttion  et|iiivalent  materially,  whilst  (ulmixture  witi 
jHij»j>y  «i*eil  oil,  and  to  a  lesser  extent  with  sesauie,  cotton  s< 
4iiul  r^iH}  oils,  diKtitictly  increases  the  itxline  number.      Maumenej 
liwt    (p,  147)    imlicat4*8    a   Bmaller  degree  of  heat  evolution 
inixitig  with  Hulpliiirlc  acid  in  the  CHwse  of  olive  oil  than  wi 
ituwt  iitht^r  oib  ;  so   that   l>y  making  comparative    experimeni 
with   pui*t'  olive  oil   and  the   substance  examined   side  by  sid( 
indicatkina  of  want  of  purity  are  obtainable;  lard  oil,  howevc] 
V'ivcH  nlKiut  the  sauio  heat  evolution  as  olive  oil.     Sophist icatioi 
with  araebis  od   is  moderately  easily  detected  thus, J  althougl 
many  other  test«  lail  t<3  show  its  presence. 

*  SooaIIoiI  bocftUiie  the  oil  (mixed  with  water  to  separate  mucilage  ! 
tiMidtlig)  U  itarod  in  largo  undergroiuid  thinks  or  re««rvoirs  so  as  to  avo 
tnwMiiro  to  atr  fkft  much  na  po«*<Lhle. 

T  Olivi*  oil  u»tia.ny  consists  of  one-fourth  glyceridea  of  solid  .saturate 
acids  (|Mvlmitic»  Ao, ),  and  three-fourths  liquid  ^lycerides,  inoally  oleiiul 
This  ctimp*>sUiou  woultl  corrcsi^ond  with  an  iodine  abaor|>tion  of  about  67  ;j 
th«  tomcwluii  hi^hcM'  \  i&liie^  u»uully  found  consequently  sugs^est  the  presrQOAl 
of  »  «u»ail  quantity  of  limdic  a^^iil.  In  coulirination  of  this,  Hazura  »tnlj 
(JHiSHuor  havi*  ohtAined  .^maU  quantities  of  sotivic  acid  (p.  I2S>  fi\»m  th#i 
linnhiu'ts  (if  oxutalion  of  the  fatty  acids  of  olive  oil.  f 

t  i\ctxanV»  ti>"st  for  |t;irouuilnut  oil  is  said  by  A.  H.  Alleo  to  \*e  sutficleutly  ^ 
dclicjvt^  U»  indicate  L'lparly  an  adniijcture  of  10  i*er  cent  of  that  sabsLanc^  i 
with  iitive  oil,  although  failing  with  only  4  jier  cent-  The  amall  qnantitfj 
nf  fttiichiu  ufttu rally  contained  in  olive  oil  doe*  not  materially  interfrti^J 
The  oil  to  be  exatuiaeii  is  Mpouitied  and  the  fatty  «cidi  tepftcmted 
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Admixture  with  lieavier  oils,  such  tvi  cotton  secnl  oil,  teiidH  to 

the  specific  gravity;  whilst,  eoiiversely,  additioa  of  rape  oil 

ends  to  lower  it ;  tliu«  Souchere  ^ves  the  following  table  in- 

Icating  the  effect  of  such  admixture.^  un  the  relative  *letisity  at 

fc'  nf  pure  olive  oil :— 


r  o. 

ilp*«lil«  Omvily 

Pfri^iit*c«  Added. 

!  "" 

10 

» 

30 

40 

60 

Sesiune,     . 
Cotton  seed, 
lAnchis,    . 

'9153 
•9142 
•9225 

-92:* 

•917 

•91519 
•91602 
'91607 
•91547 

•91508 
•91074 
■91684 
91504 

'91497 
'91741 
'91761 
•91581 

■914«6  1 
-91H18 
■91838 
•91598 

•91475 
•91890 
^1915 

•91615 

i. 


The  elaidln  test  (p.  137)  serveH  to  tli.stinixiHsh  rwlulteration 
with  many  oils  giving  soft  elaidins  ;  a  distinct  softening  of  tho 
product  as  compared  with  that  obtained  with  pure  oil  treated 
side  by  side  is  noticealile  when  only  a  few  per  cents,  of  poppy 
seed  or  linseed  oil  iire  present »  and  with  somewhat  larger 
proportions  of  cotton  seed,  rape  seed,  or  sesame  oils  ;  moreover, 
the  elaidin  formed  w^ith  pure  olive  oil  is  nearly  colourless  or  pale 
yellow,  whereas  much  rlarker  tints  ai'e  generally  ]uvHhiced  with 
jiflulterated  oils  ;  l>ased  on  whieii  property  are  numeriius  modifi- 
cations of  the  nitric  acid  test  jiroposed  by  various  observers  for 
the  purpose  of  examining  olive  oil, 

KiCAmiuation  of  the  cohesion  figure  (p.  48),  formed  when  oil 
placed  on  water,  htis  been  reconi mended  by  Toudinson  as  a 
useful  t«st  of  the  ]mrity  of  olive  oil.  A  dro|i  of  oil  is  allowed  to 
U  gently  on  thesurffice  of  pure  water  contained  in  a  chemically 
n  Ijosin  of  Huthciently  large  slue,  at  a  temperature  not  below 
5'C.;  with  pure  olive  oil  the  drop  slowly  spreads  out  into  the 
shape  of  a  large  disc  with  slightly  recurved  edges  ;  little  spaces 
ortly  appear  rountl  the  e<lge,  the  film  commencing  to  retract 
;ain,  so  that  the  edge  resembles  a  string  of  beads.  The  spaces 
tween  the  lK>atts  soon  f»pen  out  mf>re,  and  the  edge  bec(*mes 
t*»thed  ;  [>*irtii^ns  liecome detached,  reuniting  themselves  in  some 
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Bfolved  in  five  parti*  of  rectified  apirit,  and  precipitated  with  alcolmlic 
acetate  ;  or  the  oil  h  directly  saponided  with  litharge  ly  boiling  \vtth 
that  suhiitAiice  and  water.     The  re  si  d  ting  leail  soapa  are  agitJit<^d  several 
timed  with  ether  to  dieaolve  out  lead  oluat*  {hyjioijaatcr,  kc.) ;  the  re-nidiial 
lead  stcaratep  palniitate,  and  arachiite  arc  decomjjoaed  by  hot  dilute  hytlro- 
chloric  acid,  jind  tho  fatty  acid  cako  formed  on  cnfiling  and  standing,  dis- 
Kplvi'd  iti  Hve  parts  of  hot  rectified  spirit  per  one  of  ori;jiii.il  oiL     On  cooling, 
^^tals  of  nracbic  acid  arc  deposited  if  earthnui  oil  were  originally  [tre- 
at ;    from   the  weight   of   these,   corrected   for  solubility  in  the  mother 
tiqnorit  ttu  approximate  notion  of  the  prfiportion  of  oarthnut  oil  present  can 
be  deduced*  oo  the  iifisuniption  that  100  parts  of  this  oil  correfipoad  with 
HSve  of  araciiic  acid. 
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plaoM  to  tliP  main  oil  film  enelnsin<y^  polygonal  spaces  Ijriimdid 
ojr  fine  beiwisT  and  covered  by  a  dew  of  oil  so  ifine  il$  to  Ims  viatbli 
only    with  difficulty.      About   35  seconds  are  requisite  for  liit 
entire  succession  of  changes.     With  sesame   oil   the   iihu  fim 
formed  soon  begins  to  contract  again^  ultimately  forming  a  figuw 
Gonaisting  of  a  centnvl  spot  with  distinctly  niarked  rays^  i^t  «....• 
which  other  smaller  rayed  spots  appear,  tlie  whole  ^esem^ 
spider's  wol>  loafled  with  dew ;  ab>ut  60  seconds  are  requirt'ii  ti. 
complete  these  changes.     ^lixtures  of  olive  and  sesamd  oils  psti 
figures  of  intermediate  character,  thf  features  of  the  one  or  ih» 
other  figure  predrmiinating  accon:ling  as  the  first  or  the  secoad 
oil  forms  the  majority  of  the  mixture  ;  and  analogous  differences 
in  the  olive  oil  figure  are  produced  by  admixture  with  otlier 
oils, 

Baudouin*s  tesst  for  the  presence  of  sesam^  oil  is  to  shakf!  op 
10  c,c.  of  the  sample  for  some  minutes  with  b  e.c.  of  hjdni^ 
chloric  jicid,  specific  gravity  1*17,  in  which  0*1  gramme  of  aitpxr 
has  lieen  dissolved.  On  8e[Miration  of  the  oil  from  the  ti-aterv 
liquid,  the  latter  is  found  to  be  tinted  rose  colour,  more  or  li=s» 
marked  according  to  the  proportion  of  sesiinie  oil  present*  Ai 
little  as  1  per  cent,  may  be  thus  detected  if  the  agitation  be 
prolongetl  fitr  at  hiut  ten  tnimit^s  (A.  H.  Allen).  Or  a  lump  of 
sugar  on  which  fuming  hydrochloric  acid  has  l>een  dropped  mar 
\m  shaken  up  with  the  oil.  On  the  other  hanil,  acer»rding  tu 
Yillavecchia  and  Fabris,*  olive  oil  of  undoubted  purity  from 
various  lr»calities  in  Italy  gives  the  same  red  colunitiuu  to  tli§ 
aqueous  layer  ils  other  oil  to  which  some  5  per  cent,  of  -k 
oil  has  been  added  ;  but  if  the  agitation  be  only  kept  up  l- 
minute,  in  the  case  of  such  pure  olive  oils,  the  watery  laver 
immediately  separates  and  remains  colourless  for  at  least  two 
minutes ;  whilst  the  milky  oily  layer  remains  greenLsh  fjr 
yellowish*  If  only  a  minute  quantity  of  sesame  oil  lie  pi-^esent, 
however,  this  oily  layer  turns  red;  the  coloration  of  the  oil 
rather  than  of  the  watery  lluid,  is  the  distinctive  part  of  tin? 
test  (riV/f^  also  p.  1 53). 

Becchi's  test  (p*  30t5)  for  cotton  seed  oil  gives  nnefiil  indks* 
tions  of  the  presence  of  that  adulterant,  provided  that  tW 
refining  of  the  cotton  seed  oi  I  has  not  lieen  rairrie<l  so  far  as  U* 
bring  aljcmt  the  entire  withdrawal  of  the  constituent  that  acts 
on  the  silver  nitrate. 

In  many  cases  evidence  of  adiilterati*in  is  obtainable  by  saponi- 
fying the  oil,  separating  the  fatty  acids,  and  determining  their 
fusing  and  solidifying  jH>ints  (p.  69)  ^iW«  by  aUle  nuth  tlw  rf>nT- 
spoudiJif/  acifiii  ohhtintd  from  f/f^niiine  oti,  or  mixturen  of  knmnt 
comjmsUuyn,  as  the  precise  numbers  obtained  vary  aeoordin^  ia 
the  particular  mode  of  manipulation  ailopted.  Values  Tarytag 
from  2'2'^  to  20  "C.  (or  the  fusing  |»oint,  and  from  2r  to  S3*  i 
*Joum.  Soc.  Chem,  Ifld,,  1893,  p.  67* 
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the  solidifying  point,  have  l>een  recorded  by  different  observers. 
Dieterich  gives  the  following  comparative  values  in  different 
using  the  same  process  throughout : — 


Melting  Point. 

Sulidiflcation  Point. 

Olive  oil  (average  of  10  samples),  . 
3  parts  olive  oil  to  1  of  aracnis  oil, 

26Mo28'-5 

23' -5  to  24** -6 

29 

26 

,,              „            cotton  seed  oil, 

30 

27  3 

„              „            sunflower  seed  oil, 

25 

20-5 

„              „            sesam^  oil. 

28 

25 

„              „            linseed  oil, 

245 

19-5 

„              „            colza  oil,   . 

230 

19 

The  figures  thus  deduced,  however,  are  rarely  sufficiently  deci- 
sive of  themselves  to  warrant  any  accurate  deduction  being 
drawn  as  to  the  nature  and  extent  of  the  adulteration. 

Much  the  same  remark  applies  to  tests  based  on  the  amount 
of  solubility  in  various  menstrua — e.g.,  mixtures  of  alcohol,  water, 
and  glacial  acetic  acid  (Yalenta's  test,  p.  55),  although  in  certain 
cases  this  method  gives  useful  corroborative  indications,  especially 
-when  carried  out  side  by  side  with  genuine  oil  and  mixtures  of 
known  characters. 

Admixtures  of  hydrocarbons  may  be  dctecteil  by  corai)letely 
saponifying  the  oil  with  alcoholic  soda  or  potash,  evaporating  off 
most  of  the  spirit  and  adding  water,  shaking  up  with  ether, 
separating  the  ethereal  liquid  and  evaporating  off  the  solvent ; 
"with  pure  oil  only  infinitesimal  amounts  of  unsaponilied  matter 
(phytosterol,  <fec.)  will  be  left,  whereas  hydrocarbon  oils,  if 
present,  will  be  obtained  in  much  larger  quantity  after  evapora- 
tion of  the  ether.  This  test  may  be  made  a  quantitative  one  by 
using  a  w^eighed  amount  of  oil  and  evaponiting  a  known  fraction 
of  the  ethereal  solution  in  a  weighed  vessel  (xmh  p.  119). 

Occasionally  metallic  compounds  are  found  in  solution  in  olive 
oil  or  sulistances  purporting  to  be  such ;  thus  copper  (added  to 
communicate*  a  chlorophyll-like  green  shade)  is  occasionally 
present.  Lead  compounds  are  said  to  be  occasionally  added  for 
the  purpose  of  communicating  a  sweeter  taste  to  the  oil.  Met^illic 
impurities  of  this  kind  may  be  detected  as  descril>ed  on  p.  1 22. 

Several  special  instruments  have  been  invented  for  the  purpose 
of  examining  olive  oil,  in  order  to  detect  adulterations,  based  on 
different  physical  properties— ^.^.,  the  thermal  artfometer  (p.  82) ; 
the  oleorefractometer  (p.  51);  and  the  dingomeier  (p.  53).  The 
polariscope  may  also  ])e  utilised,  olive  oil  being  slightly  dextro- 
gyrate, and  most  other  oils  laevogyrate. 

Very  similar  processes  suffice  {mutatis  mutandis)  for  the 
examination  of  other  oils  of  the  olive  class — e.g.,  almond  oil,  oil 
of  ben  (or  behen),  and  groundnut  (arachis)  oil — and  to  some 
extent  of  oils  of  the  semidrying  class,  such  as  cotton  seed  oil  and 


348  oiLSy  WATB,  wMsmm,  SfC 


:3 


oil  With  the  cfaener  oik  «rtUik»d. 
deodoriMd  fish  oils  are  tte  mo^  Mlalj  ktad 
the  former  are  detected  and  deterKtofld  aa  cigwribiil  «a  pu  11$; 
the  Utter  lately  increaac  the  faeat  erolstioii  vitfa  mtdfkatkmk 
and  in  sonie  instaiifwt  give  apeeial  eolovr  nitiMna  wmk  that  mH 
and  other  reagents. 

Bape  Seed  and  Calaa  Oils. — Seiri»rm]  ^>ggiea  of  Mmmim 
exist,  and  if^veral  vaneti*^  of  the  rape  pjami  ha^e  beeft  dsrciofel 
hy  suceeasi^'e  cultivations ;  the  oils  from  these  are  gorfaMy 
termed  indijicriminAtelT  "^  rape  *  or  ''^cohta*^  oila  in  Brttaia.  Oft 
tlie  Continent,  however,  the  diflerefit  kinds  are  itill  freqaeatlj 
iiiMtinguiifhed  hy  separate  names.  Thas  Sebadler  div  ~ 
oiIa  into  three  claseea,  viz. : — 


Coiza  oU  (CokaSl  or  KohkMl5!)  from  the  arlgnul  plaan  **  koUttat'^ 

{Hraimra  ^ampeMri*). 
Jiapt    §rtd  oil  (Ra{Mlll  or  RapiamwiSl)  frem  a  deralaped  variit|» 

**  ram "  ( SraM§ka   cmmpairu  yst.    atf^m,   er   Mmmum  mfm 

ftlti/era. 
liiihten  ml  (RtlUU  or  Rubtenol)  from  a  diflmnt  vanety«  '^rtttecn* 
{UroAMca  tamptntrin  var*  r^P^*  or  Brau^ta  mp^  ohi/rra^ 

Each  clfks^  m  further  snbdirided  aeoording  as  the  plant  is  iit 

aiiiniul  or  a  liiennial,  the  former  yielding  ** summer  oil%'^  and  xht 

latter  "  winter  oils/'     Thus — 

WinitT  rapt  wed  oU  from  winter  raps  {Brttmea  napuM  olej/era  6«eiiiiit). 
Summer        ,,         ,,         summer  imps  „  i,  anumai,  \ 

Wittier  riibtien  oil  from  winter  rubeen  {B.  ntpa  oki/erti  iicMtus)^ 
Summer      „         „        summer  riibsen         „         ,*         ownKajL 

/int^ttiru  nhjru  &,m\  Brmmka  *tlhi  are  now  more  usually  i 
iiat<»(f   SimtpU  uifjra  and  SimipU  nlltti.   respectively  (blaek 
wliiu?  niu.Htunl),  lieing  plant^s  different  in  many  respects  from  i 
rf*le   or  k*»hl,   the    seeclH  of   which    (kohls&it)  furnish   the    tefi 
**  vtAiAv  "   hy  t'orrufjliun.     Siinilarly^  the  allied  Jirtii*icti  junctti  \ 
now  ^^eiienilly  kiiuvvii  08  Siita/jiM  juneeft^  and  lirrtgjiu^i  rhinrtu 
(ClnJienc^  ciMMige)  as  Sinupij<  chine  hum. 

Cole   or  rape  seed   in   largely  cultivated   in    various   part*  of 
Eur*i)M%   enpoeially    France,   Belgirini,    Germany^   and    Hun_  ' 
alHci  itj    Hnumanja,  Russia,  India,  and  China,     3luch  i«  shii 
from  tin*  Black  Sea  and  Baltic  purt.s,  the  expression  Ijein^  Uivuaiiv 
earrii'cl  out  in  lar^e  niills  after  the  fashion  descriVjed  in  Chap,  i\  . 
tli«  h4hhIh  bcin*^  eruHheil   between  niMers,  steamed   to  coa^i 
nmeilai^o    and    increase     niiidity»    and     suhjected    hy    hyiir 
prrNsure  lie  fore  cooling. 

Tlu!  yield  iH  uHually  from  30  lo  45  per  cent.  ace<»rdiDg  to  the 
varit*ty  employ tnL     Schadler  gives  the  following  averages: — 

Sunntier  rJibaca  and  snmmer  rai »,    •         •         .     ^**  to  X^t  per  cent^ 
\V inter           tf           winter       ,,        »         ,         .     ^o  to  40  „ 

WiiiliT  cul/a,    * »iri  to  45  ,, 
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^^krUuch  mucil{i;^e  iicconipanies  the  crude  oil ;  this  is  generally 
^Hnninated  by  the  sulphuric  acid  leftrurig  process  (p.  259 )j  in 
^nome  caaes  HUppleiueuted  hy  an  alknline  tteatnietit  to  get  rid  of 
Vfree  acid,  injurious  for  iuhrieatit  pur|K)«es. 

Rape  seed  oil  usually  exhilnts  a  total  acid  number  of  175  to 

1179,  corresp<jnding  with  the  safxjnitication  ecjuivaleut,  320  to  325, 
the  iodine  nun3i>er  being  9H-5  t4>  105.*  The  fatty  acud«  isolated 
on  sapfinificaiion  melt  at  18'  tf>  22',  whilst  the  spec i fie  gravity  of 
the  oiJ  at  15'  onlinarily  lies  between  *911  and  '9175,  Acoord- 
ifigly,  the  usual  result  of  adulteration  with  other  fixed  oils  ia  a 
rise  in  sjiecific  gravity,  and  a  fall  in  saponification  equivalent. 
Linseed  and  other  drying  oila  raise  the  iodine  number  ;  fish  and 
drying  oils  increase  the  heat  evolutirtn  on  mixture  with  sulphuric 
acid.  Thus  Thomson  and  llallantyrie  found  the  ''specific  tempera- 
ture reaction"  (water  =  100)  for  rape  oil  to  Ix^  lietween  125  and 
144,  whereas  that  for  linseed  oil  was  270  to  H49,  cod  liver  oil 
giving  243  to  273,  and  menhjwlen  (»il  30 G  (p.  14!)),  Pure  rape 
aeed  oil  is  practically  iunniseil>le  with  glacial  acetic  a^^id  at  the 
ordinary  temperature^  ami  has  a  lower  efflux  velocity  (higher 
viscosity),  than  most  mis  likely  to  be  used  fis  adulterants, 
Hydrocarlj«>n  oils  are  detected  in  the  visual  way  (p.  119)' 
XjlUBeed  OU. — ^^The  oil  expresstnl  frotn  the  seeds  of  the  flax 
plant  (Lin urn  uMafi^ifimnm)  is  gerie rally  known  as  liuseed  oil  ; 
usually  it  is  extracted  on  the  large  scale  in  crushing  mills  by  the 
process  described  in  Chap*  l%.  ;  but  small  r|uantities  are  prepared 
for   home  consumption    iri   difibrent  parts   of  the   world,   more 

I  especially  Russia,  on  a  much  smaller  scale*  The  seeds  as  found 
in  commerce  are  rarely  all  of  one  kind,  more  or  less  considerable 
admixtures  of  the  seeils  of  other  plants  being  fjfteji  present,  the 
result  of  which  occasionally  is  to  seriously  impair  the  quality  of 
the  oil  ;  this  sometimes  arises  from  inteutional  admixture,  more 
csjpecially  in  the  ctvse  of  hemp  seed,  which  is  stated  to  be  inva- 
riably added  to  the  extent  of  5  per  cent,  and  upwartls  t<i  all 
linseed  shipped  from  the  Black  Sea  p<»rts;  but  quite  as  frequently 
it  is  accidental,  on  atTourit  of  i  it  her  t>lants  l»eing  gi'own  along 
with  flax — e.ff.^  mustard  and  rape  ;  this  is  more  especially  the 
cAse   with   the  red  Aanety  of  luilian   seed*      The    presence  of 

t  mustard  seed  in  any  considerable  quantity  is  liable  to  render 
the  oilc^ike  acrid  and  unsuitable  as  a  cattle  fo^KK 
Linseed  is  chiefly  im|Mirted  fi'om  the  Baltic  ports,  Russia 
(Black  Sea),  and  India;  but  it  is  also  grown  in  considerable 
quantity  in  various  ]i4irts  of  Europe,  especially  Poland,  in  Egypt, 
and  the  Brazils.     Seed  grown  in  hotter  climates  is  reputed  to 

•  yield  oil  comparatively  defective  in  drying  power  and  of  Hghter 
colour  than  that  prijdueed  in  colder  regions;  possibly,  however, 

*  Heuce,  some  confiiiierahle  niuouut  of  Lmolin  or  other  drying  glyceride 
must  hv  preaent,  since  the  lo^line  oamber  of  erocin  i^  72 '4,  antl  tliAt  of 
rapin  (isamende  of  ricinolein)  81 '7< 
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this  18  cl  lie  fly  Hue  to  atlinixture  of  otiier  seed  oils  ami 
actual  differences  in  tlie  oil  contained  in  the  ilax  se<?ti. 
suitjectetl  to  pressure,  some  20  to  22  jier  cent,  of  8uj>fri»»r 
dninn**  oil  can  1>©  extracted;  in  I'oland^  Russia,  aini  **th« 
countries  this  is  used  as  an  article  of  food,  being  not  unpleasantly 
touting.  Later  runnings  prepared  by  hot  preftsore  an?  daLrkeriii 
colour  and  have  a  disagreeable  acrid  flavour,  reiideriDg  tbem  ool? 
suitable  for  technical  purposes.  If  the  seeds  are  expressed  cam- 
jMimtively  *'  fifrcen/*  much  more  watery  mucilage  accoropaaifa  tht» 
oil :  after  kpepin;:^  some  months  they  dry  somewhat  and  a  I 
yiehl  of  oil  with  a  lessene*!  admixture  of  vegetable  ext 
matter  results.     Hchadler  deHcribes  the  average  yield  as  beisg- 


Cold  pre.'^ied  oil,     , 
Hcrt  prtssed  hII, 
Obtained  |jy  solvents, 


20  to  21  per  ( 

27  to  28 
32  to  33 


The  prnpiirtion  of  oil  obtainetJ,  however,  varies  somewlm^t  ^ 
the  source  nf  the  seed  ;  thus  Italian  linseed  yields  B 
more  tbnn  liussian,  and  white  Indian  some  2  per  cent, 
than  red  Indian.  Again,  the  yield  varies  according  as  th»  i 
has  l>een  allowed  to  ripen  fully,  or  as  the  plant  has  been  har%*wt«i 
earlier  f*»r  the  flax  crop,  in  which  case  a  smaller  yield  cif  oil ;' 
usually  obtainetb 

In  practice,  pure  linseeil  oil  is  never  met  with  commer 
ami  can  only  be  ubtaijied  by  carefully  handpicking  the 
Iw.^fore  expressiun.  When  freshly  expressed,  after  I'eEning 
sulphuric  acid  (p.  259),  it  has  a  specific  gravity  at  IS"* 
iKi'2  to  1)37,  averaging  close  to  935  (Allen) :  if  any  consider 
udirdxture  of  ra]>e  or  other  hghter  oil  is  present,  the  s\h 
i^'nivity  falls  to  *lKiO  and  lower.  If,  on  the  other  hand,  the  oill 
old  aufl  luiK  absf>rlied  oxygen,  the  specific  gravity  is  more  i*r  1« 
considerably  raised. 

Linseed  oil  contains  some  10  or  15  per  cent,  of  glyceride«  I 
solid  fatty  acids  (palniitin,  mjTistin,  ttc.)  The  remaining  litju' 
glycerides  ctmsist  of  those  of  uleic,  lijiolic,  linolenic,  lind  isulin 
leuic  acids  J  in  tbe  relative  pnj  portions  5,  15,  15,  and  65  per  cen 
<>r  the  sum  of  the  four  (Hazura  and  Griissner).  The  total ) 
number  is  variously  alated  by  different  observers  at  189  to  l^^i 
corresponding  with  a  saponification  equivalent  of  287  to 
rpprescntiug  a  mean  molecular  weight  of  fatty  acids  of  274  to  2S 
By  fiirectly  titrating  tlie  acids  prejiaretl  as  carefully  as  po«*sib 
tu  avoid  oxidation,  nK>lecular  weights  varying  between  'JSil  at^ 
21*5  have  liecn  iiljserve*l  in  many  cases  ;  but  perceptibly  hi^hi 
values  up  to  *I07  have  been  noticed  in  some  instances^  lejidiag  ( 
the  lielicf  that  a  higher  homologiie  of  linolic  acid,  C^}1^0m,  ▼** 
prcHcnl  (p.  ^U). 

The  imiine  nitmljer  of  Unseed  oil  has  1>een  very  variously  statcii 
by  different  observers.     Dieterich  found  different  samples  tu  ^iv« 
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values  between  161-9  and  180-9  ;  Benedikt  found  170  to  181  ; 
Holde  179  to  180 ;  Thomson  and  Ballantyne  175*5  to  187-7  accord- 
ing to  the  time  allowed  {vide  p.  180).  Lower  values  down  to  149 
have  been  recorded  by  other  observers ;  but  in  view  of  the  results 
of  later  researches  on  the  difficulty  of  completely  saturating 
glyoerides  with  iodine  unless  a  considerable  time  is  allowed  and 
a  large  excess  of  iodine  employed,  it  would  seem  very  doubtful 
whether  these  lower  values  are  correct :  probably  180  to  185  is 
nearer  the  true  ultimate  value  for  pure  linseed  oil.* 

The  &tty  acids  separable  from  linseed  oil  have  been  found  by 
various  observers  to  melt  at  temperatures  lying  between  17**  and 
24",  solidifying  at  13'  to  17** -5  ;  as  linseed  oil  occurs  in  commerce, 
a  small  proportion  of  these  acids  is  usually  present  in  the  free 
state,  free  acid  numbers  being  obtained  varying  from  0*7  to  8*0, 
corresponding  with  amounts  of  free  acid  i'rom  0*4  to  upwards  of 
4  per  cent,  of  the  total  acids  present. 

Linseed  oil  is  especially  characterised  by  the  high  heat  evolu- 
tion brought  alx)ut  by  admixture  with  sulphuric  acid  (Maumene's 
test,  p.  147) ;  in  the  absence  of  fish  oils,  any  considerable  admix- 
ture of  rape  or  other  oil  giving  less  heat  evolution  can  be  readily 
detected  in  this  way.  Livache's  test  (p.  133)  also  affords  an 
indication  as  to  whether  semidrying  oils  or  drying  oils  of  inferior 
quality  have  been  admixed,  inasmuch  as  the  increment  of  weight 
ttfter  a  few  days,  when  no  further  increase  is  noticeable,  is  from 
14  to  15  per  cent,  in  the  case  of  fresh  genuine  linseed  oil,  but 
considerably  less  if  any  large  admixture  of  other  oils  be  present. 
A  simpler  test  based  on  the  shorter  time  required  by  genuine  lin- 
seed oil  to  dry  thoroughly,  as  compared  with  adulterated  samples 
and  other  drying  oils,  is  the  "film  test'*  descriV)ed  on  p.  133  ;  the 
character  of  the  dried  film  formed  is  also  taken  into  account, 
whether  resinoid  and  brittle  when  cold,  or  hard  and  varnish-like 
but  tough,  or  inclined  to  be  readily  i)rokon  up  and  crumbly ; 
such  a  practical  test,  although  not  quantitative  in  character,  is 

*  Assuming  linseed  oil  to  contain  only  SO  per  cent,  of  unsaturated 
glycerides  in  the  rchative  proportions  given  ])y  llazura  and  (JrUssner 
{supra),  the  calculated  iodine  number  would  be  Vj2  (j5. 


rruportiotial  Amuunt 

Iodine  \nnibcr  of 

Present. 

Glyccridc. 

Olein, 

0-8      X        05 

X 

8()-20 

= 

.•^•45 

Linolin, 

0-8      X      -1.5 

X 

173-57 

= 

20-83 

LinoleniD, 

0-8      X      -15 

X 

2()215 

= 

31-46 

IsoUnolenin, 

0  8      X       Go 

X 

2G215 

= 

136-31 

192  05 


whence  it  would  seem  probable  that  the  proportions  of  linolenin  and  iso- 
linolenin  deduced  by  Hazura  and  GrWssncr  are  a  little  overstated,  at  least 
so  far  as  these  values  are  applicable  to  average  qualities  of  oil. 
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often  rjf  great  value."'*'  Moreuver,  tin  old  sample  of  oil  that  ] 
already  taken  up  srjme  auiDunt  of  uxygeii,  although  by  no  inea 
deteriorated  for  many  ortliuary  applications  thereby,  would 
iudicated  as  of  inferior  qtialiiy  l^y  Livaehe's  tev«jt  if  aUme  reli« 
on  }  but  would  not  l>e  aliown  to  be  deficient  in  drying  power  \ 
the  "film  teat."  Such  an  oil^  however,  woultl  possess  a  lov 
iodine  number  than  fresh  oil,  even  if  otherA^^ise  genuine,  inajsmuc 
as  the  oxygen  takeu  up  appears  to  Ih?  largely  added  on  to  tfc 
unsaturatetl  carl>orj  groups  just  as  iodine  is. 

Fish  oils  (cud,  nienhadun,  il'c)  pissess  high  thermal  values  i 
Mauiueoe  s  test,  and  high  iodine  numbers,  so  that  adulu^rati 
therewith  is   tuit   indicated    by  either    reaction.       Boiling  wi 
caustic  Hfxla  develops  a,  peculiar  reddish  colour  when  these  oil| 
are  present ;  chloriDe  gas  l>lown  through  the  oil  causes  a 
darkening    in  tint   not  observed    with    pure    linseed    oiL     Th 
sulpliuric  acid  test  (p.  151)  gives  simply  a  dark  brown  clot  wii 
genuine  Jinseerl  oil,  but  a   reddish   brown  spot  if  fish  oils  are 
present. 

Hydrocarbons  are  not  infrequently  added  as  adulterants; 
these,  mineral  oils  lower  the  specific  gravity,  anJ  I'osin  oik 
it,  so  that  a  suitable  mixture  of  the  two  hiis  little  or  nu  eflFa 
The  test  described  on  p.  1 19  enables  this  achnixtui'e  to  be  readl^ 
detected   and   the    quantity   detenu ineil  ;    if    any   con»idemh 
ainount  is  present  the  film  test  indicates  the  fact,  as  the  filj 
remains  a  long  time  sticky  witli  only  small  quantities,  and  nevi 
properly  hartJens  and  firies  with  larger  proportions. f 

Rosin  (colophony)  is  another  adulterant  often  added  alon 
w*ith  other  subHtantes  ;  to  detect  and  determine  this  admixtuf 
the  oil  is  tlissolved  in  a  little  pure  alcohol,  aud  the  fi'ee  fatC 
acids  and  resin  acirls  titrated  by  standard  alkali;  water  is  adde 
tii  the  neutral  mjuss,  and  the  glyceridic  oila  separated  In^  grav 
tation  or  petroleum  spirit  (p.  118);  the  anueous  fluid  ixS  acidu 
latetl,  the  mixetl  fatty  and  resinous  acids  sepanited  and  weighe' 
and  the  resin  determined  therein,  as  in  the  case  of  rosin  ao&fj 
(yellow  soaps,  Chap*  xxf,) 

Hemp  seed  oil  is  a  frequent  constituent  of  linseed  oil,  owin 
to  the  admixtui^  of  hemp  seed  with  linseed  before  reaching 
crushing  mills  ;  to  detect  such  an  adiuixture  the  oil  is  stirr 
with  concentratetl  hyth'ochloricacid,  when  a  more  or  less  marke 

*  The  fihn  ie^X  is  often  moilitietl  hy  mixing  the  f)il  to  1»c  test^nl  with  thr 
time,s  its  wdglit  of  white  lead,  so  us  to  form  a  paint  which  19  then  ftpph«._ 
hy  ft  bm»h  to  a  clean  snrface  ;  a  precisely  aimifar  trial  is  ma%\e  si<le  by  »ide 
with   n   6tau4ar<l  sample  of  oil,   and   the   rates  of  drying  compared.    It 
nondrying  oils  Imj  present,  even  in  only  smal!  quantity,  tho  rate  of  dryiBg 
iA  markedly  Hlackoned, 

t  Roain  oils,  being  strongly  dextrogyrate,  can  be  detecte^l  by  the  poUfi^ 
Bcope  (p.   TiU),  pure  linseed  oil  being  faintly  Iwvorotatory*    Seaam^  oil  * 
also  dextrurutatory ;  the  sugar  teat  (p.  1^46)  serves  to  detect  it  if  pr«teot* 
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ffreen  coloration  lis  de\  elope*i  if  hemp  seed  oil  W  present,  pure 
linseed  oil  giving  a  yellow  colour. 

Sperm  Oil. — Two  varieties  of  sperm  oil  proper  are  oljtained 
from  the  Cuchelfjt  whale  (l^iti/setHr  mncroreplmhm)  ]  one  from  the 
blubber  bj  the  ordijiciry  processes  of  rendering,  the  other  from 
rthe  '4ie;wl  mutter"  or  contents  of  the  cranial  cavitien.  This 
Baiter  usually  rantains  a  larger  proportion  of  sidid  constituents, 
HO  that  on  8t4iiuling  it  soon  becomes  more  or  less  pasty  or  semi- 
solid from  tlie  separation  of  sj^ermaceti.  This  solid  conf^itituenfc 
also  deposits  from  the  blubber  oil  un  standing  and  chilling,  but 
to  a  somewhat  le*sser  extent. 

tSperm  oil  thus  freed  from  spermaceti  is  pale  yellow^  anrl  nearly 
odourless  when  prepared  at  comparatively  low  temperatures  from 
fresh  blubber,  itc.  ;  although,  like  all  nt\mv  fish  and  blubber  ods, 
possessed  of  a  marked  unpleasant  smell  and  darker  eidnnr  when 
extracted  by  greater  beat  from  partly  decomp^jserl  hlubber.  Its 
specific  gravity  at  15^  usually  lies  l>etween  -875  and  ^884  :  it  has 
I  but  little  tendency  to  tjecome  rancid,  or  to  "gum"  and  thicken 
l|  \iy  exposure  to  air,  whilst  its  viscosity  is  but  little  affected  by 
1  change  of  t-emperaturCj  so  that  it  forms  a  valuable  luhriaiting  oi!. 
^^Jts  total  acid  nujnber  lies  Itetween  123  and  147^  averaging  near 
^^■52,  corresponding  with  the  saponilieation  equivalent  420  ;*  its 
^iodine  numl>er  is  near  84.  The  fatty  acids  obtained  on  saponi- 
j  fi cation  melt  at  near  13^,  and  possess  an  iodine  nnmher  near  88, 
and  the  average  molecular  weight  28l-2i>4  (Allen^ — <»leic  acid  — 
L  282,  physetoleic  acid  =  254).  Their  specific  gravity  at  15'  is 
^^lear  -899 ;  nitrous  acid  solidities  them  readily. 
^V  On  s<ijKmiticatioi:t  sperm  oil  yields  60-63  per  cent,  of  insoluble 
fetty  *icids,  separated  from  the  monohydric  alcohol  simultaneously 
formed  which  ci>nstitutes  ^9-41 -5  per  cent,  (theoretical  values  for 
cetyl  physetoleate,  cetylic  alcohol  =  50*6  per  cent,  physetoleic 
acid  53-1  per  cent  ;  f<*r  dodecatyl  physetoleate,  dodecatylic 
alcohol,  44*1  per  cent.,  physetoleic  acid,  G0^2  per  cent.) 
^_  Sperm  oil  is  often  adulterated  with  cheaper  vegetable  and 
^Bnimal  oils,  the  presence  of  which  is  usually  detected  by  the 
^nowering  of  the  percentage  of  alcoholiform  constituents  produced 
on  saponification,  and  by  the  circumstiince  that  the  viscosity  of 
genuine  sperm  oil  is  affected  less  by  temperature  variations  than 
that  of  most  other  oils,  so  that  if  rpther  oils  be  present  the  tlifier- 
encea  between  the  efliux  viscoBity  rates  (p.  94)  at  different 
teuipenitures  {e.g.^  15* C,  50°C-»  and  100° C.)  will  be  considerably 
increased.  Further^  such  admixture  tends  to  lower  the  saponi- 
fication equivalent  Hydroc^rb>n  oils  increase  the  saponification 
equivalent  and  the  amount  of  ether  residue  obtained  by  the  process 
descril>ed  on  p.  119  ;  but  this  residue,  c(m  sis  ting  largely  of  fluid 
hydrocarbons,  is  readily  distinguishable  from  the   alcoholiform 

tidue  obtained  with  pure  sperm  oil,  more  particularly  by  the 
•  Cetyl  physetoleate  =  478.     Dodecatyl  physetoleate  =  422. 
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^Hihe  stearines  thence  obtained  by  distillation  and  pressure  ;  htn\e 
^Hp'ease  ;  together  with  soHd  non-fatty  matters  such  as  China  clay, 
^^■ddtin^,  starch,  d'c,  the  presence  of  which  is  easdy  ret-'o^'niseU 
^H^applying  u  solvent  and  iiltering  (p.  123). 

^r^The  specific  gravity  at  15'  of  tallow  lies  between  0-92r)  and 
^M>'d40,  values  between  0-925  and  0-929  being  ubtained  with  Iteef 
^^bUow,  and  somewhat  higher  tmes,  between  0*937  and  ()'940,  with 
^Bnntton  tallow^  (Hager).  Dieterieh  found  sb'ghtly  higher  values 
^Hbp  to  0'952.  The  meltinicr  point  and  solidifying  point  vary 
^H^nsiderably,  41*  to  51"  being  recordetl  by  different  observers  for 
^HUie  former,  and  a  few  degrees  low^er  for  the  latter.  The  fatty 
^H[M:id^  obtiiined  on  saponification  alsc^  vary  similar-ly  w^itb  the 
^BiArdness — {.€.,  the  pro}x>rtion  *>f  *ilein,  the  melting  point  being 
^Hufiunliy  near  47"  with  t^illow  of  gtH>d  quality.  The  soliditying 
^Hpolnt  as  determined  by  Dalicaius  jirocess  (p.  74),  .sometimes 
^^temied  the  '"  litre "  of  the  tallowy  attbrds  the  l>est  criterion  of 
quality,  so  far  as  such  physical  tests  go:  44"  represents  a  mixture 

i>f  equal  (piantities  of  stearic  and  oleic  acids,  lower  values  being 
obtained  when  oleic  acid  preponderates,  and  higher  ones  when 
tearic  acid  is  in  excess.     On  the  Continent,  it  is  iiften  stipulated 
hat  the  solidification  point  shall  not  fall   behjw^  44^  when  the 
allow  is  intended  for  candleraaking  ;  whereby  not  only  are  the 
ofter  genuine  (or  comparatively  so)  tallows  excluded,  but  also 
liiose  largely  iu:lukerated  with  such  substances  as  cotUjn  seed 
oil,  cotton  seed  stearine,  Yorkshire  grease,  stearine  troin   dis- 
tilled grease,  *fcc.,   as  the  presence  of  these  materials  tends  to 
lower    the   melting   point    of   the   mixed   i^itty  acids   obtained. 
Toolgrease    and   Yorkshire   g^rease   prtxiucts  are  especially  ob- 
jectionable in  this  connection,  because  they  contain  more  or  less 
>naiderab!e    f|uantities  of  cholesterol   hydrocarbons  and  other 
injsaponifiable  substances,  which  not  only  directly  diminish  the 
mi^unt  of  stearic  acid   present,  but  also  further  diaiiitish  the 
luantity  of  solid    fatty  acids  ohtainable    by   pressing,    as  they 
itertere  with  the  proper    ^* seeding"    or  crystallisation    of   the 
>ress  cake  (vvJe  p.  307).     The  determination  of  these  unsaponi- 
FBable  matters  in  tiillow  atlulterated  there  withy  is  carrietl  out  an 
'  descril)ed  on  p.  119. 

Fresh  tallow  contains  very  little  free  fatty  aeid  ;  but  tjilknv 

that  has  become  more  or  less  rancid  often  ccmtains  considerable 

ainounts,  up  to  12  per  cent,   (calculated  as  oleic  acid);  25  per 

cent,  was  found  liy  Dee  ring  in  a  sample  six  years  okL     When 

tallow  is  not  particularly  rancid,  and  yet  contains  a  considerable 

Ijimount   of    free   acid,    it   is    very    probable    that   it   has    been 

[adulterated  with  thstilled  "stearine"  (largely  consisting  of  free 

ifatty  iicids).     The  tot^il  acid  number  usually  lies  l>etween   19*1 

land   198,  representing  the  saponification  equivalent  283  to  293, 

lavemging  near  288,  and  corresponding  with  a  mean  molecular 

I  weight  of  fatty  acids  of  near  27C   (palmitic  acid  ^  256,  oleic 
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iicid  =  282,  stearic  acid  =  2*^4).  The  itxline  number  ha^  bceo 
found  by  different  observers  to  lie  Ijetween  35  and  45,  with  an 
average  of  about  40  ;  since  pure  oleln  has  the  iodine  number 
86*2,  this  indicates  an  average  amount  of  olein  of  somevhat  leas 
than  50  per  cent,  (abiut  46),  and  a  proportion  of  solid  glycerido 
of  somewhat  above  50  per  cent  i about  54).  According  to  ite 
author*s  experience,  in  the  absence  of  atlulteratirtns  the  deter- 
mination of  the  iodine  value  can  be  made  into  a  useful  te^jt  <i 
quality  for  candlemaking  purposes,  the  prof^Mjrtion  of  solid  fiitt? 
acids  obtainable  being  greater  the  less  the  iodine  absorption; 
but  when  pressed  coker  butter  or  palm  kernel  oil  bas  becB 
added,  the  iodine  number  is  reduced  without  a  correspotidinf 
increase  in  amount  of  solid  fatty  acids  of  high  melting  poinl 
obtainable  ;  and  the  name  remark  applie^s  to  wcxilgrease,  wool 
Hteariue,  and  similar  substa.nces,  Whf  n  circumstances  permit^  tlie 
best  indications  as  to  ail ulte rations  of  this  kind  are  obtained  by 
saponifying,  separating  the  fatty  acids,  alloiving  them  to  crysul- 
liee,  and  expressing  them  in  a  small  experimental  laborattiry 
presSj  determining  the  quantity  and  melting  point  of  the  pre*^ 
cake,  and  subjecting  the  expressed  oleic  acid  to  examination  « 
regards  its  iodine  absorption,  elaidin  reaction,  colour  reaciiow 
with  sulphuric  and  nitric  acids,  «kc,,  heat  evolution  with  sulphuric 
acid  (Maumenes  testj  p.  147),  amount  of  unsaponifiable  uiiiltcfs 
present,  and  so  on ;  samples  of  genuine  tallow  of  differiot 
qualities  being  examined  side  by  side  in  the  same  way. 

Muter  and  Koningb*  recommend  a  process  based  on  somewhil 
similar  principles,  where  the  solid  and  liquid  fatty  acid^  ii* 
separated  by  conversion  into  leatl  salts  and  solution  of  lead  oleaie, 
^c,  by  ether,  wherein  lead  stearate  and  palmitate  are  but 
sparingly  soluble.  By  carrying  out  the  sjiponilication  and  subae- 
quent  processes  in  a  uniform  prescnl>ed  way,  the  quantity  ami 
characters  of  the  liquid  fatty  ^vcids  ultimately  sepaz^ted  from  tli« 
soluble  lead  salt,  aliurd  useful  indications  respecting  adulten* 
tion.  Thus,  they  foujid  that  the  iodine  numl>er  of  the  liquid 
acitl  obtainable  fr<im  pure  tallow,  is  uniformly  close  to  90, 
substantially  identical  with  that  theoretically  requisite  for  pait 
oleic  acid.  Ljird,  on  the  other  hand,  gives  a  liquid  acid  jiossessi»g 
a  distinctly  higher  iofline  number,  close  to  93  j  whilst  the  hqui^ 
acids  from  cotton  seed  oil  give  a  considerably  higher  iodiiw 
value,  near  to  1 35. 

Tallow  that  has  become  I'ancid  by  keepiJig  genei^Uy  whitiBD* 
during  the  process  ;  owing  to  the  large  amount  of  decomposition 
with  formation  of  free  fatty  acids  that  occurs  (ftuj*ra)^  such  tallow 
18  unsuitable  for  lubricating  purp»sea;  the  byeproducts  of  tht 
decomposition,  moreover,  cause  stwip  made  from  such  tallow  tx) 
"work  foxy,"  or  become  discoloured  of  a  bro\*^iish  red,  so  tluit 
for  miHed  or  other  toilet  soaps  intended  to  be  white  or  tinted 
•  Analyst,  1889»  p.  61 ;  1890. 
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icate  aluules,  such  l4illo\v  should  be  avoided  m  the  manufacture^ 
'  the  **  st<jck  soap  *'  used. 

Beeswax.— A  good  deal  of  dispute  has  taken  place  at  various 
aes  as  to  whether  the  wax  of  the  bee,  waRp,  and  similar  insects 
A  distinct  pnxluct  of  secretion  due  to  their  own  special  life 
ion,  or  is  simply  precontained  in  the  pollen  and  iieetar  of 
awers,  *i'C.,  serving  as  their  fofrd,  and  isolated  therefrom  by 
Jigestinj^  away  or  otherwise  removinf^  the  other  eonstituents, 
^'lis  latter  view  appears  proljable,  inasmuch  an  when  liee.s  are 
up»n  suj^ar  only,  they  appear  to  be  incapable  of  develfiping 
rax  to  any  notable  extent.  i>o  the  other  hand,  although  the 
baracter  of  bee  f*H>d  necessarily  varie.s  mucli  in  dilTererit  partes 
the  world  J  yet  the  ch*^rnic<xl  constitution  of  lH?eswa.K  does  not 
ar  anythin;^'  like  aa  wirlely.  Samples  of  beeswax  from  numerous 
lities  in  Korope,  Asia,  Houth  America,  and  Australia,  sdl  pos- 
sessed ver^'  similar  compositions  (Hehner*) — viz.,  they  essentially 
insisted  of  a  mixture  of  alxmt  1  part  of  free  eerotic  acid  to  (>  of 
ajTicin  (vide  injht);  a  result  hardly  compatible  with  the  rtf^tion 
the  wax  preexisted  iis  such  in  the  pollen  and  nectar  of  the 
sry  wide  variety  of  flowers,  ttc.»  furnishing'  food  to  the  bees 
^n  these  difierent  quarters  of  tbe  globe.  Adfifiguia  irai;  (wax 
of  Api^  Jh»eiafn,  largely  used  for  cundlem.iking  in  South 
Lmerica)  appears  to  be  8ul>stantially  identical  with  the  oi-dinary 
swax  of  Apu*  mf'flijera :  and  the  sanie  remark  applies  to 
Intilles  Ji*ftx  {A/nji  Jmritifnt)^  aod  to  Mudafja^cnr  tvttx  {Apis  uiti- 
htr)^  although  frequently  beeswax  of  tropical  and  subtropical 
>rigin  is  darker  ctiloured  and  less  readily  bleached  than  that 
>roduceil  in  m<»re  tein iterate  climates, f  The  wax  of  the  Kastern 
archipelago,  again,  differs  but  little  from  tliat  obtained  from 
>ther  sources,  altliough  mainly  pnaluced  by  a  dillerent  species 
lApvi  dorsaUi), 

In  order  to  obtain  Ijeeswax  tlie  combs  are  simply  <lrained  of 
loney  and  then  melted  in  hot  water  aofl  stirred  aljout ;  the  wax 
jUect45  on  the  top  as  an  oily  layer,  which  is  removed  after  c<Miling 
id  hanlening ;  after  re  melting  by  heat  alone  (without  water) 
id  casting  into  blocks,  tlie  "virgin"  wax  is  remly  for  the 
diarket.  A  large  proportifin  is  used  for  numertms  purposes 
rithout  further  preparation  ;  for  certain  purposes  bleaching  is 
ijuisite,  effected  either  by  means  of  exposure  to  air  and  sunlight 
thin  shavings  (p.  2G8),  or  by  means  of  chemicals,  preferably 
lilute  8ulj)hurie  iu*id  and  potassium  dicliromate  (p.  266). 

Beeawax  is  re;ulily  soluble  in  carbon  disulphide  and  fusel  oQ  ; 
it  difisolve^  in  about  10  parts  of  Ixiiling  ether,  less  completely  in 
cold  ether,  benzene,  or  petroleum  ;  in  cold  alcohol  it  is  nearly 

•  V^ide  Analyst,  1883,  vol  viii.,  p.  16. 

"t  Wiix  from  the  vicinity  of  HorJeaux  appears  to  be  the  vririety  most 
lilficult  t*>  blench ;  m  hether  from  Bome  local  iKJCuliarity  in  tlit  flowers 
Vequctited  by  the  beetj  or  for  &onie  other  reagon,  is  unkoown. 
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inKoiul»le,  hut  cUssolvea  in  alK»ut  300  parts  of  lioiling  5|jirit.   la 
the  riise  of  moat  solvents,  some  parts  of  the  wax  dissolve  m^ 
mon?  frpely  than  ntlier  portions  ]  thus  in  the  case  of  hot  aloobdl 
^a  small  quantity  uf  "cerolein''  is  left  undissolved,  condsttngflC 
utty  nnttter,  princijmlly  pahnitin  and  olein ;  the  proportioQ  of 
lie*  constituent  varies  in  waxes  of  different  origin,  but  is  n&m 
[liurgts  so  tlmt  the  presence  of  fatty  glycerides  in  any  quantity  is 
[•only  due  tt»  mluUei-ation,     Natural  wax  contain.s  a  ounsidenlde 
[uount  of  free  acid  (from  12  t^i  16  per  cent,,  calcxUatetl  a&  cecodc 
jttcid — Hehner) ;  that  lileached  by  means  of  dichromaie  asuallj 
loont^ns  Homewliat  iiture  (17  to  18  per  cent,)  j  hut  airhleacltinig 
lappear^  to  pixKluco  no  measunihle  increase  in  the  tree  aodstj* 
[The  (ts}i}>  acid   in  raw   wax  appears  to   he  chiefly  ceroiie  aeii 
[  Cvj  1 1  r ^ O .„    t oij el h f > r  with   a  1 1 1 1 1 e  nu^f  tJ^ic  acid^    Cj^  H ^^O^  ;  by 
[treating  the  wiix  with  limited  quantities  of  hot  alcohol  the«e  ar? 
Idi^iSf^tved  out,  mtfriein  (the  pilmitic  ether  of  myricylic  alcohol, 
*".O.(.\„II^^0)  constituting  the  great  majority  of  the  un- 
olvtnl  j>art. 
Beeswax  has  at  15*  C,  the  specific  gravity  nearly  *96  (nam hen 
varying   l>etween    *95fi   and    -975   being   recorded    by   different 
ohserversy     At  OH"  to  DS)"  the  specific  gravity  is  *S18  to  'S^T 
(Allou),     Airblouching  seems  ti*  produce  little  or  no  alteration 
in  tlit^  diMisity^  but  ehemically  bleached  wax  is  usually  rcnrlered 
a  little  more  dense  by  the  process.     The  melting  point  is  alwap 
tlose  111  iilV,  values  var^Hng  between  Gl'  and  65"  l>eing  recfirdw 
by  numenms  observers  ;  the  meltefl  sulistance  re-solidities  at  am) 
or  two  degi*t»es  lower  thLin  the  temperature  of  complete  fusiotu 
The  fn»e  acid  numl>er  has  been  found  by  Hehner,  Hiibl,  Buisine, 
and  otiier  observers  to  l>e  subject  to  comparatively  little  v^arit- 
t ion,  almost  invariably  lying  between   17  and  21  in  the  cast*  of 
unl>leachiHl   wax,  corresponding  with   12'5  to  15-5  per  cent  <rf 
ci^rotic  aciti) ;  whilst  the  ester  numl>er  (p.  162)  lies  betwe«jn  7^ 
and  76  (cLirresponding  with  87  to  S)2  per  cent,  of  myriciu) ;  the 
sum  of  tiie  cerotic  acid  aud  myricin  thus  calculated  is  gener»llj 
a  little  above  100,  showing  that  some  amount  of  otht?r  consti- 
tuents of  lower  molecular  weight  is  also  present.     In  conErma- 
tiou  i>f  this  the  iodine  number  has  been  found  to  he  appreciable, 
though  low,  aveniging  alx>ut  10  (8*3  to  11*0,  Buisine),  indt< 
the  presence  of  a  perceptible  amount  of  unsiitui'atett  <.?ompottl 
(possibly  hydrtx^arlmns).     On  sajionification  with  continued  " 
ing  (tor  at  least  an  hour)  with  excess  of  alcolmlic  potash^  genuiiiP 
bees wi IX  furnishes  53  to  54  per  cent,  of  crude  myricylic  alooliol 
{Be iK^likt),  corresponding  with  81*8  to  83*1  of  my ncin  (myricylic 
paliuitate).^ 

•  Wax  hleaclietl  by  the  air  prc^ecss  is  often  atlmixeil  with  a  few  per  < 
of  fatty  matter  wbicli  se«nis  to  facilitate  the  lileAchiog  action  in  ^cnuei 
not  tlioroiighly  iinderstuod*     A  small  quantity  of  oil  of  turpentine  is  Ml 
1 1  Dies  added  for  the  suite  reason;  m  this  case  the  hleachntg  ii  pfol«Uy 
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^m  Beeswax    is    often   !;tr*(e1y  ailulterater?,   more   especially   with 
Hj^raffin  wax  anrl  allieil  hyrlrrjcfirbi»iis  (certiHin  and  similar  liigli- 
H^elting    mineml    waxes) ;    stearic    acid  ;    colophnny,   burgundy 
^^ptch,  and  other  similar  re.sinouH  matters  ;  and  solid  %veigliting 
^kt^rtals,   such  ixs   china    clay,    barium   Hulpbatej   yellow  ochre, 
^liirch,  and  sulpliur.     Vegetable  waxes  (carnaulm  wax,  <l*c.)  are 
often  added  :  and  in  some  cases  .several  per  cents,  of  water  are 
artfully  worked  int^  tlie  mass.     This  la.st  ndmixture  is  readily 
detected  by  the  methwls  denscribed  in  Chap,  yl^  p.  122,     Mineral 
adulterations  are  readily  detected  by  iiicineratinf^^  the  wax  and 
burning  off  carbonaceous  matters  so  as  to  nl>tain  the  clay,  etc.,  as 
reaidae.      By  dissolving  in  ether,  warm  oil  of  tuqicntine,  chloro- 
fortn,   benzene,  or  other  suitable   solvent,    thcKe    substances,  as 
well  as  starchy  matters,  aiitl  other  analogous  ailulterants,  are  left 
iindisHolve<l,  anfl  may  be  obtained  by  lilt  ration   and    w£i.shing.* 
St^^ric  acid,  if  luldetl  in  any  <juuntityy  is  detected  hy  the  increased 
free  acid  number,  and  hy  the  melting  point  and  general  characters 
of  the  acids  ultimately  olitaiiu^il  from  the  soap  formed  on  shaking 
the  wax  with  hot  alcohol,  and  titrating  with  standaixi  alkali  anci 
phenolpbthalein  (p.  118).     Glycerides,  similarly,  may  be  detected 
und^  Uy  some  extent,  estimated  by  the  fonnatinn  of  glycerol  i*n 
aaponiti cation  ;  whilst  jwlu Iteration  with  carnauba  whx  may  be 
detected  by  the  exatrii nation  of  the  fatty  acids  formed  by  saponi- 
fying the  impure  myricin  left  insoluble  on  agitation  with  alcohol 
and  alkali,  paktntic  acid   (m.p.   G2^,  and  equivalent  2l>6)  being 
the  chief  constituent  funned  from  genuiuH  wax,  whilst  carnauba 
K&x  mostly  produces  ccrolic  acid  (m.p.  7^^  and  equivalent  410). 
^Bie  pre.sence  of  bydrtwarlx>ns  h  indicated  by  the  decreased  ester 
^bixitjer  ;  ur  the  wax  may  he  carlxMiisetl  hy  heating  5  grammes 
^pith    50   c.c    of  con t^ent rated   sulpbi^ric   acid    to    1*10"  0*   in   a 
ieapaci«ms  Hask  for  ten  minutes;  mucli  sulpbunms  acid,  iVc,   is 
evolved,  and  the  mass  chars,  finally  i>ecomiMg  nearly  solid  ;  the 
acid   is   washed   out    witli    water*  iulherent    water    removed    by 
>hcil,  and  the  residue  treated  with  ether,  preferably  in  a  Soxhlet 
■be  (p,  *-38),   where!  ly  the   liydn)carlKjn  is  dissulveil  out,  along 
itb  a  little  wax   that  has  escaped  the  action  tjf  the  acid.     By 
repeating  the  acid  treatment  this  is  removed,  and  thecerasln,  tkc, 
finally  obtained  in  a  weighable  tbrm.t 

Spermaceti. — The  true  origin  cif  spermaceti  (formerly  regarded 
whale-s[wiwji^  Sjtttmn  red)  appears  to   ha\e  been  unknown, 

dckened  hy  the  forniiation  of  peroxide  of  hydrogen  (hiring  the  ox  Miction 

f  the  tnri»entin«?  hy  the  oxygen  of  the  air  in  contact  w  ith  wiitei^  rtr^^  p.  SlilJ). 

f^  Traces  of  rtonr  are  often  noniHilly  present  in  pressed  or  rolled  wax 

Iff  to  the  MBc  of  flour  for  dusting  over  thti  rollers  wr  press  to  prevent  the 

wax  from  sticking  (Allen), 

f  Hespeeting  the  deteciion  of  athi Iterations  of  l>eeswax,  vith  Jourti,  Sq<:. 
ChMn.  hid.,  lSf»0.  p.  771  :  J 891,  pp.  72S,  72^*,  S60.  1014.  For  the 
bibliography  of  hee^^wax  aud  the  waxuii  used  for  its  adulteration,  vide  ibid., 
IWW^  pp*  75e,  757. 
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long  after  it  had  come  into  some  amount  of  use  fur  tlie  pn^pA> 
tion  of  unguents  ;  its  employment  for  candleniaking,  like  that  -a 
whale  oils  for  burning  in  lamps,  seems  practicfdly  to  date  fixm 
somewhat    upwards  of  a  century  ago   when   the   whale  fisheiy 
began  to  be  extensively  pursuetl  for  commercial  purposes,     Evft 
At    the    present   day,    however,    considerable     misappreheiiaai 
appears  to  exist  V>oth  as   to  the  species   of  cetacea  yiekling  H 
ana  the  part  of  the  body  from  which  it  is  derived.      Whilst  the 
beat  knowTi  source  is  the  **hea<l  nuUter"  of  the  Phy^Ur  maerp- 
Cfpfiahtit   (p.  300),    which    largely    consists    of   solid    crystallised 
spermaceti  when  taken  from  the  dead  carcase,  it  is  also  the  fiK$ 
that  considerable  quantities  are  obtainable  from  the  bluli^iefoil 
of  the  same  cetacean  ;  during  winter  this  nil  sets  so  far  solid 
deposition  of  spermaceti  thiit  it  requires  to  be  steamed  t«»  eru 
it  to  be  removed  frinn  the  casks.     Moreover,   analogous  if 
identical  solid  dep<jsits  form  on  similarly  chilling  for  lengthen 
periotls  the  blublier  oils  of  various  other  species  (Wr/p  p,  301). 

The  semisolid  oils  containing  scales  of  spermaceti  will  not 
any  great  degree  of  pressure  during  filtration  to  separate 
solid  matter,  as  this  very  readily  passes  through  even  the  uia 
impervious  filter  cloths  :  accordingly  the  first  operation  con 
of  *' bagging  ■■ — i.i»^,  the  material  is  phiced  inside  long  bag. ^4  of  I 
or  canvas  where  gnivitatiou  only  effects  a  separation  betwf 
the  solid  and  liquiJ  constituents.  The  "baggcil  sperm  "  is  tbfl 
transferred  to  square  bags,  foriiiiiig  a  soft  flaky  mass  :  a  pile  ( 
bags  and  Ixwirds  is  formed  in  successive  alternate  layers,  and! 
placing  weights  on  the  top  of  the  pile,  at  first  small  but  suIj* 
quently  greater,  most  of  the  remaiiiiug  liuid  oil  is  grailuallj 
squeezed  out  until  the  mass  is  sufiieiently  firm  to  bear  hvdrau 
cold  pressure  carried  out  in  presses  closely  akio  to  tbr»se  used 
for  stearine  After  cold  pressing,  the  sperm  cake  is  remelt<d, 
granulated,  and  pres.seil  several  times  over  at  gradually  increasing 
pressures  and  teiniieratures  so  as  to  remove  the  last  portions  <  ' 
fluid  oil,  a  refining  treatment  with  potash  (p,  261)  being  inMi 
polated  lietween  the  last  pressings  so  us  to  remove  not  only 
last  traces  of  colouring  matter,  but  also  free  fatty  acids  for 
by  hydrolysis.  Finally,  a  glistening  white  mass  is  obtaine 
mainly  consisting  tjf  cetylic  palmitate  (C,^H,^,  .  O  ,  Cj^^H^OX 
melting  at  near  45"  C*,*  ami  of  specific  gravity  near  '810  at  9!>', 

The  presKiogs  fr«un  these  various  operations  are  methodic 
worked  up,   in   such   fasliion  as   ultimately  to   obt^iin  a  secoQ 
quality   of  spermaceti   of  somewhat   lower    melting   ptunt  ; 
potash  foots  obt^'iined  during  refining  yield  on  acidulation  with  i 
mineral  acid  a  mixture  uf  impure  speruiaceti  and  jMilmittc  acidl 

•  Accoriling  to   L,   Field    {jQurn,  Soe.  ArU,  vol 
spermaceti  extracted  from  the  blubber  oils  of  the  true  boti 
[Balttna  roAtrata}  has  a  slightly  higher  melting  poiot  than  llwt  liioiii 
Hpenn  whale  or  cuchelot  {Phyactcr  macrocephatus). 
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when  this  is  worked  up  with  the  other  runnings  a  considerable 
amount  of  free  fatty  acids  is  contained  in  the  ultimate  product. 
30  per  cent,  and  upwards  of  such  free  acids  (essentially  palmitic 
acid)  are  sometimes  present  in  spermaceti  of  this  lower  grade. 

Spermaceti  is  sometimes  adulterated  with  free  stearic  and 
palmitic  acids  (not  derived  from  the  fcots,  as  above  described)^ 
bard  pressed  glycerides  (pressed  tallow),  and  animal  waxes  and 
paraffin  wax.  These  latter  additions  raise  the  saponification 
eqmvalent,  whilst  free  fatty  acids  and  glycerides  lower  it.  The 
detection  of  these  adulterants  is  effected  in  ways  substantially 
the  same  as  those  above  mentioned  with  respect  to  beeswax. 
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light  (cereua)  were  all  in  use  in  the  early  centuries  of  the  Christian 
era;*  the  oil  lamp  being  still  the  most  extensively  used  illuminant 
amongst  the  well  to  do  classes,  wax  lights  ranking  next. 

With  the  exception  that  wax  tapers  were  largely  used  for 
ecclesiastical  purposes,  as  well  as  private  illumination,  during 
the  middle  ages,  and  that  some  improvements  were  consequently 
introduced  as  regards  their  general  size  and  finish,  little  ailvance 
in  the  art  of  candlemaking  seems  to  have  been  brought  about 
until  the  fifteenth  century,  when  the  process  of  "  moulding  "  was 
introduced  by  the  Sieur  de  Brez ;  but  the  manufacture  of  rush- 
lights and  of  "  dip "  tallow  candles,  as  well  as  of  waxen  tapers, 
had  by  that  time  become  a  trade  of  itself,  having  to  a  consider- 
able extent  passed  out  of  the  region  of  ordinary  household 
operations  carried  on  by  each  family  for  the  supply  of  its  own 
wants,  and  into  the  hands  of  special  candlemakers  (candelarii,  or 
chandlers),  who  made  tallow  and  other  candles  for  sale  to  the 
general  public,  at  any  rate  in  the  larger  towns.  In  country 
districts,  however,  rushlights  and  tallow  candles,  of  more  or  less 
rough  home-made  manufacture,  still  continued  to  be  the  only 
available  means  of  artificial  illumination  other  than  oil  lamps, 
for  the  great  majority  of  the  population;  a  state  of  matters, 
indeed,  not  entirely  obsolete  even  at  the  present  day  in  some 
highly  rural  localities.  In  some  savage  countries  highly  olei- 
ferous  nuts,  strung  together  on  a  fibrous  twig,  are  burnt  like 
candles ;  as  one  is  consumed  the  next  one  becomes  lighted  and 
bums  till  exhausted. 

Combustible  Materials. — At  the  present  time  the  com- 
bustible matt^irs  (in  addition  to  the  wicks)  used  for  candle- 
making  may  be  divided  into  four  classes — viz.,  (1)  those  natural 
glycerides  which  are  sufficiently  solid  at  ordinary  temperatures 
to  admit  of  being  used  for  the  purpose,  or  which  yield  sufficiently 
solid  glycerides  by  pressure;  more  especially  tallow  and  similar 
animal  fiits,  together  with  vegetable  products  of  corresponding 
consistency,  such  as  coker  stearine,  piney  tallow,  and  the  solid 
fats  of  the  Stillingia,  Bassia,  and  other  genera.  (2)  Substances  of 
waxy  character,  such  as  beeswax  and  the  vegetable  waxes,  essen- 
tially consisting  of  nonglyceridic  compound  ethers  ;  also  including 
spermaceti.  (3)  Free  fatty  acids  of  sufficiently  high  melting  point, 
obtained  from  natural  oils  and  fats  by  saponification  processes, 
and  mechanical  separation  of  more  fluid  ingredients.  (4)  Paraffin 
wax  and  analogous  hydrocarbons  of  mineral  origin,  or  formed  by 
destructive  distillation.  Of  these  the  substances  of  the  latter 
two  classes  are  those  most  largely  used,  more  especially  the  last, 
in  this  country,  although  "stearine"  candles  are  somewhat  pre- 
ferred on  the  Continent.  The  trade  in  wax  and  spermaceti 
candles  is  comparatively  small,  although  by  no  means  insigni- 

*  Vide  Leopold  Field,  "Cantor  Lectures,"  Journ.  Soc.  Arts,  vol.  xxxii., 
p.  821,  et  seq. 
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ficani  in  actvalamoviil ;  wbilsi  the  use  of  unsaponi6ed  gljcerides^ 
wlieUier  as  tallow  ^dip'^  candles,  consisting  of  such  gUcendes 
I  ohIt,  or  aft  **  composite  ^  mixtiir^  of  glyce rides  anc)  free  iattr 
acidi^  is  ateadilj  diminighing  in  £ivour  of  the  other  kiiub  of 
iUqmifianta,  altbovgh  ^u-  from  being  extinct,  e.spi«i-ially  iu  the 
caae  of  nifhtli^hts,  which  are  larj^ely  made  of  coker  steartne. 
In  the  inanuiacture  of  tallow  dip  candles  no  special  prepu^ttoo 
I  of  the  tallow  for  use  is  requisite  further  than  the  i-enderin^  jwid 
I  pmn^ing  proccgaca  already  described  (Chaps,  x.  and  xi.) ;  tht 
harder  ^-arieties  are  usually  preferred,  although  if  t<H:i  hard  thi^rt 
is  more  risk  of  cracking.  In  the  case  of  beesw^ax,  air  and  li^t- 
Ufeadied  wax  (p.  268)  is  employed  in  preference  to  that  hleadied 
by  chemical  procesaee,  especially  such  as  inv^olve  the  use  of  cblor- 
ine ;  for,  irrespective  of  a  greater  tendency  to  become  yellowisli 
on  keeping,  such  chemically  bleached  waxes  are  apt  to  pns9«a»A 
dTstalline  grain  which  spoils  the  appearance  of  the  candl*%  nnd 
when  bleached  by  chlorine,  to  give  off  fumes  of  hydrochloric  ackl 
when  bumt^  owing  to  the  formation  of  ch lore- substitution  com- 
[Mounds  daring  the  bleaching  process,  Parallin  wax  and  llje 
analogous  waxy  hydrocarbons  obtained  from  ozokerite.,  ^c, 
require  no  further  treatment  for  candleniaking  other  than  tli» 
pressLng  and  purifying  processes  gone  through  during  their 
maaufiMCture  for  the  purpose  of  raising  the  melting  point  to  tb^ 
requisite  extent  (compare  p.  :?30).  The  isolation  of  solid  (jn 
fatty  acids  from  natural  glyceride^  however,  is  a  soniewhsi 
complex  operation  capable  of  being  carried  out  in  several  wayi. 
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The  numerous  processes  proi>«»se<l,  and  more  or  lea^  actuslly 
used  on  a  manufacturing  scale  for  the  isolation  of  solid  fsttj 
acids  from  appn>priate  glycerides,  may  be  classified  under  thi 
following  heiuls  :  — 

1.  Processes  where  the  glycerides  are  saponified  by  alkalies, 
alkaline  earths  (such  as  lime),  or  other  suitable  Viasic  materials, 
by  iMiiling  under  ordinary  pressure;  to  effect  which  operation  a 
more  or  less  considerable  excess  of  base  is  usually  fcmnd  necessary 
in  order  to  complete  the  saponification. 

2.  Processes  analogous  to  the  preceding,  except  that  the  opera- 
tion is  carried  out  at  a  somewhut  higher  temperature  oliUdned 
under  increased  pressure  ;  excess  of  li*se  is  in  this  case  unneces- 
sary, for,  in  general,  practically  complete  saponification  »iid 
hydrolysis  can  be  thus  easily  brought  about  even  when  cimsider- 
ably  leas  base  is  present  than  is  chemically  equivalent  tcj  the 
fatty  acids  formed,  and  althuuglx  the  temperature  does  not  rise 
sulliciently  high  to  decomp4)SL'  any  considerable  f met  ion  of  th« 
glycerol  set  free. 


I 


MANUFACTURE   OF   8THAR1NE. 


a6a 


f 3,  Processes  where  hydrolysis  is  effected  under  the  influence 
acids,   especially  sulphuric  acid  ;    in  thi.s  case   the   lil>o rated 

ids  are  usually  distilled  over  by  the  aid  of  suji+^rlieated  steam, 
as  Ui  separate  them  from  nonvuLitile  jiitchy  matters  f«.>rmed 
hye  products  ;    in    Bock\s  process   {bt/ra)   this  distillation  is 

iineeessary»     More  or  less  glycerol  is  usually  destroyed  by  tho 

tion  of  the  acid. 

4.   Pn»cesses   where    hydrolysis    is    brought  about  under  the 
influeuce  of  water  alone   (under   great  pressure,    or   as    highly 

Ij>erheAted  steaui).  In  these  processes  the  glycerol  is  often 
rgely  destroyed  by  the  heat  (sometimes  completely  so),  a  much 
ffher  temperature  being  rerjuisite  than  in  the  case  of  methodij 
the  second  class. 

The  Chevreul-  Milly  Proceae  —  Alkaline  Saponification 
process  in  Open  Pans  under  Ordinary  Preasur©.— Tiie  hrst 
Binpt^  to  utilise  solid  free  fatty  acids  for  caudle  material^  were 
le  alwut  1823  by  Chevreul  and  (lay  Lussac,  employing 
saltes  (potash  and  soda)  tt>  effect  the  sapimitication  of  tallow  ; 
'  a  variety  of  reasons,  this  process  proved  to  be  commercially  a 
j^lure  ;  but  a  few  years  later,  hy  substituting  Jime  for  alkalies 
ad  otherwise  employing  more  suitable  arrangements,  M.  de 
"Miliy  succeeded  in  making  the  niaimfacture  of  ^'  stearine " 
candles  froiu  tallow  a  suthciently  remunerative  undertaking  to 
render  it  a  pnietical  industry.  As  carried  out  at  the  present 
day,  the  process  differs  little  in  essential  points  from  what  it  ivas 
more  than  half  a  century  ago,  the  chief  ditl'erences  lying  in  the 
scale  on  w^hich  the  operations  are  etfecledj  and  the  fretjuent  use 
of  mixtures  of  vegetable  and  other  suUsUmees  with  t^dlow  (^\^.,  a 
mixture  of  fmlm  oil  and  tallow  or  other  suitable  fatty  matters) 
inste^id  of  tallow  only,*  a  Injtter  quality   of  mixed  fatty  acids 

Ping  thereby  usually  obt^ined^ — ijL^  a  mixture  which  allows  the 
[id  acids  to  crystallise  and  **  granulate  "  more  readily,  so  as  to 
more  easily  pressed  for  the  separation  of  liquid  acids. 
The  fatty  matters  being  generally  purcbasetl  in  casks,  by  means 
of  a  st'Cam  jet  applied  at  the  bunghole,  the  fats  are  melted  out 
jto  a  tank,  w^hence  they  are  pumped  ur  run  by  gravitation  into 
decjonijxising    pan,    usually    constructed    uf   w^04jden    staves 
eferably  of  oak)  strongly  bound  together,  and  forming  a  large 
jib  or  tun,  sometimes  lined  with  sheet  lejicL     This  is  pro%'ided 
ith  a  stirring  arrangement,  consisting  of  a  central  vertical  shaft 
ilh   arms  carrying  paildles  and  rakes,  so  as  to  intermix  the 
stents  thoroughly  (Fig.  78),     Quicklime,  in  the  propr»rtion  of 
to   15  pounds  per  100  of  fat,  is  mixed  wdth  water  to  a  cream 
run  into  the  tun,t  and  the  whole  heated  up  by  steam  blown 

In  Fr&Dce  the  une  of  palm  oil  is  much  tesa  freqiient  than  in  Britain^  thus 
3ing  to  «oine  nhght  ditfereacea  between  many  kinds  of  French  **steini[ic/* 
J  compaj«d  with  Briti'*h. 
-f  AjMumiog  the  mixture  of  fatty  matten  to  have  a  mean  Baponification 
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Fig.  78. 


in  through  a  perforated  Iiorizontal  coil  at  the  battom  «jf  i\>«*  ^^^" 
or  a  series  of  jet«  distrihutetl  over  the  Vxittom,  mid  th* 
kept  agitated  for  sonif!  hours,  a  cover  being   placed  o\*rt  Uir 

tub  to  keep  in  splafifa^ 

and  Hteazu  being  blown 

througli  gently  so  at  b 

keep  the  whole  l-Mtni 

Glycerol  is  thus  si    r 

and  a  mixture  of  Urat 

salts      fonried      (mcwtl^ 

f^tearat-e,   ft^ilmitate,  Kiui 

uleat^),     [iractically   m- 

soluble     in     water,  ii»i 

soHdifying  on  coaling  U« 

a  bard  \titis^  known  ib 

**  rock ; "     the      aqtirous 

glycerol   solutifia  or 

"sweet    water"   in  ran 

off  and    utilised    f«r 

glycertil  extraction. 

To    isolate    the   (alXj 
acids,  the  rock  is  hoiltid 
imlnii  leaddined  \'at  with  steam,  diluted  sulphuric  acid  \^m 
idded  in  slight   excess   of  the   quantity  requi^^ito    to   ^ 
all   the    lime    present.*      Sulpbuto   of  calcium    sepanii' 
whilst  the  free  6itty  acids  swim  up  to  the  top  ;  after  ^r 
and  ccRiling  somewhat,   these  aro  skimmed  off  atid  Ikm 
firstly    with    highly   dilute   sulphuric   acid    to    decomp'sv-   tu 
liVHi  trat'^\s  of  liuie  Boap,  and  then  with  water,  using  wef     -: 
8«»  as  tlioroughly  to  wash  *»ut  all  sulphuric  acid   and   > 
mineral  matters.     Finally,  the  tiuid  fatty  acids  are  tnui    - 
Uy  shallow  cooling  pans,   such  as  the  series  indicated  in  Fil 
79   atid   80.      Here    the   melted   fatty   acids   are    run    frons 
trough,  F,  through  nozjdes,  D  D  1>,  into  the  uppermost  of  t 
pans,  C  C  C,  supported  by  a  wooden  framework,  A  A,  and  n 
crosshairs,  B  B  B*    When  the  pans  are  filled,  the  streiim  of  meh 

^aivalent  of  280,  the  iiuautity  of  lime  (CaO)  theoretically  equimlent  tci  t 
f&tty  aciiis  formed  wouUl  l»e  28  parts  per  -SO,  or  10  per  cent. ;  with  fi 
matters  of  higher  sufHtiiiliciition  equivalent,  proporttotiAtely  less  tin 
be  required,  uuJ  rice  rrfj*d.     Some  exciosa  oi  liuie,  however^  is  rtn 
order  to  ensure  tolerahly  complete  action  ;  moreover,  in  practicf;,  «|uhi«.ji 
b  not  pure  CaO,  a  little  moisture,  calcium  oarhouate,  oad  more  or  It 
ailiceoua  ami  clayey  matter  being  present,  all  of  which  are  inert  so  far 
effecting  sajM^nification  ia  conoertied.     A  firftt  doss  (|uiokUme,  niaile  (Tt*v. 
pure  limestone,  may  contain  (when  freshly  burnt)  aome  9S  per  cent  of  (  - 
(ejcclusive  of  calcium  carbonate) ;  but  85  to  ^  per  cent^  is  more  nearly  the 
usual  average,  and  less  with  very  poor  limes. 

*  For  every  56  parts  of  actual  lime,  CaO,  used,  OS  pnrta  of  sctnal 
sulphuric  aciil,  H.JSOj,  are  required  ;  roughly,  2  parta  of  B.O.V.  (hnnw  irfl 
of  vitriol)  to  1  of  quicklime^ 
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n&tter  is  shut  off  by  means  of  tlie  spigot,  E.  In  these  cooling 
na  they  solidify  to  a  .seiiuerystalliiie  mass  on  crmllng  and  Ktoiid- 
ag;  for  the  purptkse  at'  pressing  out  the  fluid  at-ids,  tins  solidifi- 
Ation  is  best  allowed  to  take  place  in  metal  di»he.s,  so  that  the 
[>lid  cakes  forraed  are  ubtoined  in  tlie  form  of  slabs  aiK)ut  an 
nch  or  three-fourths  inch  thirk,  and  of  sueh  size  as  to  tit  into  the 
ke  boxes  of  the  hydraulic  ]ireHH  used;  the  temperature  dunn;LC 


Fig.  ^0, 


this  period  should  lie  between  21°  and  '32"  C.  (70''  to  DO''  F.),  so 
at  whikt  the   *'see<liTig"  or  crystallisatifm  of  the  solul  acids 
((mostly  stearic  and  palmitic)  may  take  place  completely,  an  little 
»leic  acid  as  possible  may  l>e  retained   in  the  Iwidy  of  the  crystals 
":)rmecL      The  slaliK  of  *^  sepanitinn   cake"'   finally  consist  of  a 
ongy  mass  *»f  granular  or  crystal lise<l  solid  acids,  with  lir|uid 
ieic  acid  (containing  solid  acicls  and  colouring  matters  in  solu- 
tion) disseminated  thnmgh  tlie  interstices.     By  envclupiiig  them 
press  cloths,  anfl  [ilacing  them  in  the  cake  boxes  of  a  iiydraulic 
press,  the  brownish  liquid  acids  are  gnukially  squeezed  out,  and 
le  comparatively  colourless  solid  crystals  retfiined.     Instead  of 
irectly  pressing  the  granulatetl  cakes,  it  is  often  pretenible  to 
ap  them  int-o  shreds  by  a  machine,  and  to  press  the  raspings  ; 
more  e(jmplete  expresHit^n  of  liquid  acids  is  thus  V>rought  about. 
"be  press  cake  left,  however,  still  retains  a  certain  amount  of 
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liquid  acids,  rendering  it«  fusing  point  Uk*  low ;  to  remove  VAt 
the  press  cakes  are  melted  by  steam,  cast  afresh  into  slaW  i 
shallow  trays,  allowed  to  stand  to  granulate  at  a  temjjerature  < 
about  30°  C.,  rasped  to  coarse  powder,  and  again  pres^se*!  in  * 
different  machine  where  the  cake  lj<»xes  are  heated  by  the  rego- 
lated  admission  of  steam  into  tlie  plates,  in  the  body  of  vLidi 
haiinels  are  hollowed  out  for  the  purpose.      Fig,  81  represents 
,  form  of  horizontal  hot  pres-s  tlius  arninge<l,  stea.m   Ijcing  id- 
mitted  to  the  platen  by  the  |)ipes,  E  E.     AAA  represent  tb< 
packets  of  raspings  undergoing  pressure  ;    B  the  piston  of  the 
hydraulic  ram  working  in  the  cylinder,  C ;  D  the  framework ; 
F  a  chain  whereby  the  plates  are  drawn  asunder  for  Uie  removal 
i»f  the  cakes  when  the  operation  is  finishe<i  ;  G  water  *tjpply 
pipe  tt»  ram  cylinder  from  accumulator.     The  temperature  of  tii 
hot  press  varies  somewhat  with  tlie  kind  of  material  employei 
but  is  generally  not  far  frt»m  50^  (122°  F.)  for  stearine  of  higii 


Fig.  81. 

melting  point ;  for  inferior  stearine  melting  mure  easily,  tls» 
tempeniture  is  proportiunately  lower. 

The  hot  {>ress  cake  finally  obtained  is  melted  by  means  of  steam 
along  with  a  little  water  acidulated  with  suljihuric  acid,  and  then 
vigorously  agitated  with  the  acid  tin  id  for  some  time  for  the 
purpose  of  removing  traces  of  lime  sidts  still  retained  ;  finally 
the  acid  liquor  is  run  offj  and  several  successive  boilings-up 
carried  out  with  plain  water  The  purified  mixture  of  stearic 
and  palmitic  acids  is  then  cast  into  blocks  for  use  in  the  candle 
fact<>ry ;  small  nuantities  of  vegetable  wjwc,  beeswax,  <lx.j  are 
sometimes  added  tu  ** break  the  grain" — i.e.,  to  prevent  the 
formation  of  vinilily  large  crystals  during  solidification. 

Even  when  the  fatty  matters  employ eil  are  highly  rancid  and 
impure,  an  almost  perfectly  white  *'  stearine  "  can  be  thus  mano- 
factured  by  the  Hme  process.  The  yield  tjf  pure  solid  hot  pressed 
acids,  however,  is   materially   inHuenced  by  the  presence  and 
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nature  of  abnormally  large  proportions  of  oleine  (existing  in 
softer  fats,  *kc.)  or  other  substances  ('^.jy.,  woolgrease),  not  only 
on  acc<»ant  of  the  climinutiun  in  amount  of  soliil  fat  acids  present, 
bat  ako  Ijecause  of  the  increA?3eil  amount  of  these  acids  removed 
in  the  **  red  oils  "  {vld*i  infra). 

Fig.  82  represents  a  general  view  of  the  disposition  of  the 
apparatus    used    in    the 
saponification     of     fatty  ai 

matters  by  the  open  pati 
process,*  A,  tub  from 
which  lime  is  emittetl. 
B,  lead  lined  vata  with 
steam  pipes  for  boiling 
lime  and  fats.  C,  similar 
decomposing  vats  wliere 

\e  rrjck  is   Ijoiled    with 

il  ph  u  r  j c  ac id .   D  D,  rack 
folding  j:»ans  for  caking 

jixed     acid*.      E,    cokl 

iress.      F,    hydraylic 
apsj.     G,   pan   for   re- 

aelting  press  cake.     H, 
[lot    press-       I,    vat    for 

aelting      hot       pressed 

tearine    for  linal    wash- 

ig  with  water  and  cast- 

3g  into  blocks. 
Moioier  and  Botitigny 

[lodify  the  Ohevreul- 
Milly  process  Ijy  sub- 
mitting  the  melted  tal- 
low, diTC,  to  a  preliminary 
treatment  with  hot  water 
and  a  current  of  impure 
sulphur  dioxide  (pro- 
duced by  the  action  of 
hot  sulphuric  actd  on 
sawdust,  charcoal,  A'c); 
after  an  hour  the  lime- 
cream  is  added  and  the 
whole  well  agitate  J, 
whereby  the  mtisH  in- 
creas^es  in  consistence 
with  consider'able  froth- 
ing, by  and  bye  becoming  pasty.  The  s^ulphur  dioxide  is  then 
shut  olfF  and  tJie  rock  finished  by  VxjiHng  up  \n  ith  steam,  itc,  as 
usual.     Tlie  yield  of  fatty  acids  is  stated  to  Ix^  thus  increased 

*  L.  Field,  Journ.  Sof.  Arta,  voL  xxxi.,  p.  859. 

2i 


370  OILS,   FATS,    WJLXESf    ETC.  ^^^| 

by  some  4  per  cent.     The  hcit  press  cake  is  finally  refiiii^^H 
boiling  up  first  with  water  acidulated  with  sulphuric  acid,  Ui^| 
with  water  alone,  white  of  egg  (1  egg  per  100  lbs,)  being  inti«»- 
duced  whilst  boiling  so  iis  to  coagulate  and  remove  iinpurititt 
as  in  clanfyiug  coflee,  Arc. 

On  p.  S75  are  given  some  analyses  of  original  iattj  acid  mixtmiv 
cold  press  cake,  and  hot  press  cake,  *S:c.,  illustrating  the  efiect  of 
the  process  in  sepfiratiii|!j  oleic  acid  from  the  solid  fetty  ackK 
and  tbe  increment  injmelting  point  thus  effecteid-  The  hot  pre«* 
grease  usually  contains  enough  solid  fatty  acids  to  raise  its  fusing 
point  to  at  least  that  of  the  original  mixture  of  fatty  acids  heion 
cold  pressing  ;  it  is  generally  worked  up  along  with  fresh  &tty 
acids  by  fusing  there witb  and  granulating  the  mixture  in  tr^f^fi 
the  cold  press.  The  outer  edges  of  the  hot  press  cake  retain  aooM 
amount  of  more  fusible  grease,  and  are  therefore  usually  p»nA 
off  and  worked  up  along  with  the  rest  of  the  hot  press  grease. 

The  **red  oiF'  or  **oleine"  running  from  the  cold  press  contaiM 
a  considerable  qiiantity  o{  palmitic  and  steaonc  acids  in  solutioo, 
the  precise  amount  depending  un  the  temperature  at  which  the 
pressing  is  conducted  ;  on  chilling  somewhat,  more  or  less  scilid 
fatty  ileitis  separate^  usually  in  a  finely  divided  form,  Wh^ti  ii 
LH  desired  to  obkdn  red  oils  containing  as  large  a  propor' 
oleic  acid  and  as  little  s^tlitl  acids  as  possible^  the  oil  is  r 
and  tbe  resulting  somewhat  pasty  mass  passed  through  a  tiii«r 
press,  such  as  shown  in  Figs.  5C,  59,  the  greasy  solid  fe.ttj 
acids  thus  obtained  Ix^ing  worked  up  with  fresh  batches  of  tht 
ftriginal  mixture  of  acids;  for  the  manufacture  of  oleine  sei^ 
this  treatment  is  not  indispensable,  but  inasmuch  as  the  9oM 
fatty  acids  are  considerably  more  valuable  than  the  fluid  oncB, 
it  is  obviously  tiesirable  to  obtain  as  large  a  proportion  of  die 
former  as  possible.  For  tbe  same  reason  it  is  essential  that  tbe 
saponification  of  the  fats  used  should  be  as  nearly  complete  u 
possible,  not  only  because  all  the  stefiric  and  pilraitie  glyceridw 
that  escape  8a]>o!ii  Beat  ion  are  lost  so  far  as  solid  tatty  iicids  an? 
coDcernetl  (being  expressed  fluid  during  the  pressing  operations), 
but  also  because  their  presence  tends  tc»  prevent  the  proper 
crystaUisation  af  the  solid  acids,  and  thus  to  increase  the  pro* 
portion  *^f  these  contiiined  iji  the  red  oiis.  In  actual  practice,  it 
is  impossible  to  carry  the  decomjK>sition  in  open  pans  to  absolat^ 
completeuoss  without  seriously  prolonging  the  operation,  which 
entails  extra  cost ;  so  that  a  few  per  cents,  (and  sometimes  mucb 
more,  up  to  10  or  12  per  cent.)  of  the  glycerides  used  are  gener- 
ally left  undecomposed  in  the  rock,  ultimately  ^ding  their  way 
into  the  red  oils. 

When  the  tallow  used  has  been  atlulterated  by  mixing  in 
woolgrease  or  similar  material  containirjg  unsaponi liable  mattery 
these  substances  are  generally  ftlso  ultimately  ccmtained  in  the 
rtxl    mh,    thereby    diminishing  the    pn>portion    of    **stearine" 
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inable,    partly   because  of  the    smaller  proportion  of   koHiI 
riiJes  present  in  ttie  adulteratetl  taliow,  and  partly  because 
le  presence  of  woolgre^ise,  like  that  of  uosaponified  fat,  tends  to 
terfere  with  the  crystallisation  of  the  acids,  and  hence  causcH 
e  red  ods  to  retain  more  solid  acids.     Moreover,  when  the  red 
ills  are  made  into  soap,  a  deteriorating  effect  (for  certain  pur- 
!s)  is  broui^ht  about  in   the   renidtinf^  soap  ;  on  solution   in 
and  stJinding,  sosip  containing  such  unsaponifiable  matter 
to  throw  up  an  oily  film,  rendering  the  solution  licable  to  spot 
grease  goods  rinsed  through  the  soap  solution.     Accordingly^ 
it  is  preferable  to  buy  tallow  by  analysis,  the  price  varying  accord- 
ing to  the  proportion  of  solid  fatty  acids  pi-esent  (estimated  by 
Dalioin's    pnjcess,   p.   74,   or   otherwise)   and   deductions    being 
made  for  unsii[>onifiable  constituents.     As  yet,  however,  this  sy** 
tern  does  not  seem  to  have  been  widely  adopted  in  this  etmntry. 
Compofiition  of  *'Rock/' — The  following  analyses  represent 
the  general  compijsition  of  open  pan   **rock  "  as  obtained  on  the 
maQufactaring  scale ;  A  l>eing  normal  mck  made  from  genuine 
tallow  mixed  with  about  one- fourth  its  weight  of  jiahn  oil ;  and 
B  rock   frijTO   tallow  adulterated  with   woolgrease  containing  a 
-considerable    amount   of   cholesterol   and    other    unsajK»nitiable 
tters ; — 

Lime  present  as  lime  soap  (CaO), 
Lime  usrcd  in  excciis  jL'aU),        .... 
^'atty  anhyilrides*  present  as  lime  sorip,  . 

Jnsaponified  glyferidea, 

Jnsapojiitiubk  <7rganic  matter. 
Water  ami  carborik'  acid  (COo),  tromUiiiBd  with 
the   excess   of    lime;  aand    and    grit»   Ac; 
uiioomblEied  water  (moliture), 

100  00  lOO-OO 
Since  100  ptirts  of  triglycerides  of  mean  mrtlecular  weight  near 
285,  represent  about  \):i  parts  fatty  anhydrideK,  the  fatty  anhy- 
drides present  in  those  two  aample>j  represent  respectively  alx»ut 
HO  and  BG  parts  of  original  glycerides  per  lOli  of  rock;  hence 
the    proportion    of   glyceridea    originally    used    which    remain 

I5'55 
unaaponified  are  (A)   —— — ^^^   x    100   =  C-5   per  cent.,    and 
(B)^^.  ^  j^.j^i^  ^  1^*5  =    ^^'^  P^t'  cent,— <>.,    in   the   first  case 
»bci 


A 

B 

7  50 

6-27 

195 

241 

a-ao 

Gl'20 

5-55 

H40 

2-75 

120U 

S95 

£»72 

'66  +  8-10 
L about  ^\j  and  in  the  second  about  i,  of  the  original  glycerides 
[escapea  Baponification. 

**  Fatty  anhydrides ''=  fatty   aci«k»   less    an    equivalent  of   water — 
^.g,t  in  the  case  of  stearic  anbydride  .  i'^ 


so  that  the  sum  of  the 

fatty  anhydrides  and  the  lime  comhintHl  with  them  aa  lioie  soap,  re[>reseijt3 
thfJ  actaal  amotmt  of  lime  noap  present.  In  the  above  two  iD^tances  the 
amounts  of  hmcsoap  are  (A)  73-30  +  IbQ  =  bO  :i5  j  (B)  61  iH)  +  0-27  ^  67 '47. 


an 
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Amljvis  of  BoolL. — This  is  conTeDtently  effecteti  by  tjiking 
«  knovn  vetghl  of  an  average  sample  and  l>fjLlin^  it  with  water 
to  wluch  an  ejcces^  of  standaxti  acid  ( prefenibly  hydrochloric)  has 
been  added,  until  completely  dec«>nip>He<I  ;  on  standing;  the 
liberated  frUj  acids*  *tc.,  fomi  a  cake  on  the  top,  which  is  <art- 
fnllT  removed,  dried,  and  weigh e<l  ;♦  the  free  fatty  acids  tJierem 
are  then  titrated  in  aleiiholic  si>lutinn  with  stan(lard  alkali,  atwJ 
tbe  examination  for  admixeil  giyceridea  and  unaaponifiablc 
matters  proeeeded  with^  as  in  the  case  of  separation  cake  (ride 
M01B,  p.  STSy  The  excess  of  acid  in  the  watery  fiuid  U  ha^ 
titrated^  ao  as  to  olitain  the  acid  neutralised  by  the  total  lime 
present,  which  is  thence  calculable ;  whilst  the  lime  present 
as  lime  aoap  (combined  ^ith  fatty  acids)  is  sinnlarly  calculated 
finom  the  amount  of  alkali  neutndised  by  the  fatty  aeid:^.  For 
example,  10  g^ununas  of  a  given  suniple  of  rock  were  Ix^iled  witb 
water  and  50  c.c,  of  normal  acid  ;  on  Ixick  titration  1G*7  c.c.  were 
found  to  be  unneutralised ;  hence  33*3  c.c.  were  neutrahsed, 
equivalent  to  Oi)3t!  CaO  =  9*32  per  c?ent,  of  total  lime.  The 
separated  fatty  JU'id.s  *.to.»  weighetl  ♦^^'^  15  grammes,  and  neutralistil 
35'9  CO,  of  normal  alkali,  et]uivalent  to  0*725  graniiue,  or  7-5 
per  cent,  of  CaO ;  whence  0-933  -  Ci-725  —  0*207  j^niuime  «f 
excess  of  lime  was  present,  or  2 '07  per  cent.  On  lurther 
amination  (p.  378)  the  separated  fatty  acids  were  found  to 
tain  0*535  graunne  of  unsapi>niiied  glyceritles  and  0*235  gramme:^ 
of  unaaponifiable  ni fitters.  Hence  the  actual  fatly  acids  pre- 
sent in  the  8*215  gmmmea  af  cake  obtainefl  amount  to 
8'215  ~  (0*535  -f  0*235)  =  7*445  grammes.  In  order  to  reckon 
the  iatty  anhydrides  equivalent  to  this  amount  of  fatty  acids^ 
18  parts  of  water  must  be  subtracted  for  5G  of  CaO  combined 

18 
with   them   as    lime   soap — i,e.,  ^    x  0*725  =  0*253  gramme  of 

water  must  be  subtract^!,  leaving  7'445  -^  0*233  =  7*212  grammes 

of  fatty  anhydrides  present  as  lime  stwip. 
Hence  tlie  whole  auulysis  is — 


e  Mil 
cul^H 
pre-      I 


Lime  present  aa  lime  ^oap  (CaO),  , 
»»     in  e3teess»        ,         .         .         . 

Fatty  anhydride*  present  as  lime 
soap,    *,.... 

Un«a|>omtied  giyceridea, 

Unsapooifiable  matter,    . 

Combincf}  water,  t*Oj,  Band,  inois- 
ture,  Ac.  (by  tiiJlereiiee), 


0*7*2.1 
()'2<r 


'>  graniines   = 


Total  lime  soap  present, 
Total  lime  prcaent, 


JH^ 


7-212 
0  5.15 
0  235 

i-om 

T  72  J  2 

r     21)7 


7  25  pcr< 
2i)7 

72  12 
5-35 
233 


=  10*86 


i<xytM> 


-  79*37  wrotni 


•  If  the  qimTfltity  is  too  small  for  aeeurate  dctermiaatiott  in  thii  way  the 
liJ^erateil  fatty  atiil»,  tie,  may  be  lUsaolved  by  ether,  and  the  ctliereal 
sohiticit)  separated  ami  eva|>onited,  &c,,  as  ill  the  parallel  cau^e  of 
analysis  (Chap.  \xi.} 
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MUly  Autoclave  Process— Sap omflcation  with  Alkcilies 
(Xiime)  imder  Increased  Pressure. ™Aa  practically  carried 
out,  this  prt>ces8  is  virtually  a  co it iVii nation  of  tlie  previous 
proce^ss,  and  that  Huhsequeritly  described  due  to  Tilghraanns, 
where  fats  aro  hydrolysixl  by  the  action  of  water  uiicler  high 
pre^ssupe.  The  tallow  and  palra  oil  or  other  fatty  mixttire  ia 
pumped  into  a  stmit  copper  pressure  vessel  or  fnihwint^e^  and  lime 
made  into  a  thin  cream  with  water  added  in  much  snmller  pro- 
portion  than   in  the  open  pan   process,  usually  2  to  3  parts  of 

I  lime  per  10 1)  of  fat^  or  somewhere  about  one-quarter  of  the 
leoretical  amount  instead  t>f  an  excess.     High  pressure  steam  is 

'then  gradually  blown  in  from  a  boiler  until  the  pressure  amounts 
to  at  least  7  or  8  atmospheres,  and  preferalily  \2  to  15,  especially 
when  tallow  ordy  is  used,  ti-s  in  many  Continental  factories. 
After  some  hours  continuance  of  di^j^estion  under  pressure  the 

•Hat  is  practicatlly  completely  saponified  and  liydroJysedj  partly  by 
the  lime,  partly  by  the  acticjn  of  water  only,  the  presence  of  the 
lime  soap  formed  }>y  the  saponification  greatly  facilitating  the 
hydnilysis ;  the  mixed  **  sweet  water/*  fatty  acids,  and  lime  soap 

Pare  blown  oft*  intx>  a  tank,  where  the  latter  separate  from  the 
watery  glycerol  solution,  and  are  then  treated  with  sulphuric 
acid  precisely  na  in  the  open  pan  process,  saving  that  as  much 
less  lime  is  used,  a  proportionately  smaller  (juantity  of  acid  is 
requisite.  The  further  operations  of  separating  solid  fatty  acida 
by  pressure,  »kc.,  are  identical  in  the  two  processes. 

The  remarks  above  made  respecting  tlie  ol*jectionable  results 
brought  about  when  any  considend>le  amount  of  glycerides  escapes 
saponification,  and  when  tlie  t^illow  is  adulterated  with  wooh 
grease  or  other  uns^iponifial>lB  matters,  obviously  apply  equally 
in  the  present  case.  As  regards  the  former  point,  the  following 
figures  were  obtained  by  the  author  in  a  set  itf  experiments  on  a 
manufacturing  senile  made  with  the  object  of  tracing  out  the 
effect  of  increased  time  in  diminishing  the  amtunit  of  unsaponified 
grease.  A  series  of  charges  was  worked  otF  in  the  same  auto- 
clave, the  mixture  of  fats  (tallow  and  palm  oil),  and  the  proportion 
•of  lime  used,  and  the  pressure  being  as  nearly  as  possible  the 
same  throughout,  but  tlie  times  being  ditlerent.  The  fatty  acids 
obtaine*!  (after  separation  from  Hme  by  sulphuric  acid)  were 
analysed  so  as  to  obtain  the  dati  for  determining  the  proportion 
of  grease  unsaponified  during  tf^e  digestion.  The  figures  ulti- 
mately t>btained  on  averaging  a  number  of  trials  were — 
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During  the  first  hour  or  two  the  rate  of  decomposition  of  th( 
fiits  employed  was  rapid,  from  ^  to  }  being  converted  at  the  ei 
of  2  hours  ;  subsequently  the  action  was  much  slower,  becoi 
practically  complete  at  the  end  of  6  to  6^  hours,  not  mare  tbma 
about  J^  the  a  remaining  uncoa  verted. 

The  followirig  analyses  indicate  the  composition  of  the  **  r^ck 
♦  ihtaiaetl  by  the  autoclave  process ;  they  principally  dtfler  froi 
those  above  cited  ft>r  open  paa  rock,  ia  that  whereas  in  the  open 
pan  process  excess  of  lime  is  used,  so  that  the  rock  contains  all 
the  fatty  acids  as  lime  soap  ;  in  the  autoclave  lime  process  & 
fleficiency  of  liuie  is  employed,  so  tliat  the  fatty  acids  are  obtained 
partly  as  lime  soap  and  partly  as  free  acids  i — 


lOQ  parts  of  the  fatty  glycerides  used  originally  represent 
about  i)p3  of  free  f^itty  acids  and  92  of  fatty  auhydrides^  whence 
100  parts  of  rock  represent  ia  these  three  cases  respectively  about 
95,  86,  and  9G  parts  of  fatty  glycertdes  that  have  been  saponified 
and  liydrolysed  ;  whence  the  proportions  of  glycerides  not  aotdd 
upon  are — 


I 


U. 


05  +  5 -91) 
G-60 


X  lOO  =  5S  i>er  cent. 


100  =  7*1 


:^20 

9LS  +  3  2 


ni.  .-■— ^  >-  100  =  3*2 


In  general,  with  unadulte rated  tallow,  the  autoclave  pr 
properly  worked,  saponifie;^  and  hytlfolyses  about  95  per 
of  the  glycerides  used,  leaviag  some  5  per  cent ,  or  J^,  unacted 
on  ;  if,  however,  too  low  a  pressure  be  applied,  the  projK>rtion  of 
and ecom posed  glycerides  may  amount  to  con^siderablv  more  thaa 
this  aniess  a  pruportioaately  longer  time  be  allowed,  in^*olviQg 
greater  eo^t  fur  fael,  labour,  ic. 

The  '*  separatirm  cake  "  or  mixture  of  fatty  acids  obtained  b|J 
decomposing   with   sulphuric    acid  the  '*  rock  '*   formed   in  tb 
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autoclave  or  open  pan  process  consists  of  the  solid  fSoitty  acids 
produced  (chiefly  stearic  and  palmitic) ;  the  liquid  acids  (mainly 
oleic) ;  and  whatever  undecomposed  glycerides  and  unsaponifiable 
organic  matters  may  be  present ;  the  latter  two  ingredients 
obviously  vary  with  the  degree  of  perfection  or  imperfection 
attained  in  saponification,  and  with  the  purity  of  the  materials. 
The  ratio  between  solid  and  liquid  fatty  acids  also  varies  some- 
what with  the  character  of  the  tallow  and  other  fatty  matters 
used ;  in  general,  it  is  not  far  from  2  to  1.  In  examining  such 
materials,  the  author  has  found  the  "iodine  test"  (pp.  177,  179, 
et  9eq,)  particularly  useful,  especially  in  the  case  of  press  cake  in 
different  stages  of  pressing.  The  ftirther  the  pressing  (hot  after 
cold)  is  carried,  the  smaller  the  quantity  of  oleic  acid  left  in  the 
"stearine;"  but  no  amount  of  hot  pressing  will  completely 
eliminate  "unsaturated"  acids,*  from  1  to  2  per  cent,  being 
retained  even  when  the  pressing  has  been  carried  to  the  utmost 
possible  extent  permissible  for  commercial  purposes  in  the  pre- 
paration of  articles  of  exceptionally  high  melting  points,  and 
larger  proportions  up  to  4  or  even  5  per  cent,  in  products  less 
thoroughly  hot  pressed.  Even  crystallisation  several  times  from 
alcohol  of  a  mixture  of  palmitic  and  stearic  acid  does  not  succeed 
in  removing  all  the  oleic  or  other  iodine-absorbing  acid  present. 
Thus  the  following  typical  figures  may  be  cited,  obtained  by  the 
author  with  the  fatty  acids  manufactured  from  a  mixture  of 
tallow  and  palm  oil : — t 


1  PercenUm  of  Oleic 

Melting  Point  in 

1  Acid  by  Iodine  Te«t. 

Gapiiiary  Tube. 

Separation  cake  (mixture  of  fatty  acids 
before  pressing) 

' 

I           320 

... 

Cold-pressed  cake,         .... 
Once  hot  pressed,          .... 

'           11-5 

52'*-8C. 

;             5-6 

54'' -2 

Twice        ,,                    .... 

2-5 

56"-l 

Three  times  hot  pressed, 

'              1-3 

56'' -2 

„          twice    recrystallised   from 

1 
1 

alcohol,. 

0-8 

56°-25 

Red  oils  (oleine)  from  cold  pressimi;,     . 

71-5 

... 

Grease  from  hot  pressing, 

14-9 

5r-6 

The  percentage  of  solid  fatty  acids  contained  in  red  oils  can  be 
deduced  approximately  from  the  determination  of  the  oleic  acid, 
reckoning  111*02  parts  of  acid  per  100  of  iodine  consumed,  as 
indicated  by  the  equation — 

*  Possibly  isoleic  acid  (m.p.  45**),  and  not  oleic  acid,  remains. 

+  When  a  pressed  steariiie  is  examined,  presumably  only  containing  a 
small  percentage  of  oleic  acid,  5  grammes  may  be  conveniently  taken  for 
analysis ;  on  the  other  hand,  with  a  substance  containing  a  high  percentage 
of  oleic  add,  proportionally  less  should  be  weighed  up,  usually  from  0*2 
to  0*4  gramme. 
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If  the  percentage  of  unsaponiHed  grease  and  un^aponiBable 
organic  matters  present  be  known  =  a,  and  that  of  oleic  acid 
thus  determined  =  b,  the  percentage  of  solid  fatty  acids  is 
approximately  100  -  (it  ^-  b). 

Milters  pnx^ss  for  the   detennination  of  the  proportion  of 
akae  acid  present  in  i\  mixture  of  that  8ul)stance  with  solid  f&ttj 
(slevic  and  palmitic)  is   Ijased   on   the   solability  of  lead 
in  ether.     In  the  case  of  a  glyceiidi%  a  quantity  of  Bub- 
not  exceeding  1*5  grammes  its  saponiiied  with  excess  of 
lie  potash  ;  with  free  fatty  acids  it  in  dissolved  in  the  sam^ 
8ol¥«iit ;  water  is  added  and  the  alcohol  lioiied  afl\:  dilute  acetic 
acid  is  then  added  to  neutralise  excess  of  alkali,  until  a  decided 
pemiaxieat  turbidity  is  produced,  and  then  dilute  caustic  potash- 
with  ooQtinuoiis  agitation  until  the  liquid  jm^<  clears  affaitt,    Thoj 
dear  solution    is   then    precipitated    by   lead    acetate    in  sligbil 
ezotts»  and  stirred  until  the  leiui  soap  settles  thoroughly ;  thai 
aupematant  liquor  is  poured  oQ\  and  the  precipitate  washed  l^l 
bflSli^g  with   a   large   bulk    of  distilled   water   and   decanting.! 
PeHecilv   neutnd   lead  stearate  -t-  palmitate  +  ole^ite  is    thoil 
i4>tainea;  the  precipitate  is  transferred  to  a  Bask  of  alxmt  100  ccl 
OttpacitT  and  digested  for  some  hours  (with  frequent  agitation) I 
with  ahoolute  ether;   the  ethereal   solution  of  lead  oleate  iil 
filtered  into  a  stoppered  graduated  tube  holding  250  c.c,  and  tb« 
filtrate  and  washings  decomp^isetl  by  agit^ition  with  alxiut  20  c.c.  oil 
a  mixture*  of  1   volume  stmng  hydrochloric  acid  and  2  volumes  I 
water.     Finally,  a  known  fraction  of,  the  ethereal  fluid  is  dravral 
off  and  evaptiruted  to  drjTiess ;  whence  the  weight  of  oleic  aciill 
is  deduced.     The  ethereal  solution  is  oi:>nveniently  drawn  off  brl 
means  of  a  side  tap  fixed  to  the  graduateil  tube  a1x>ut  one-fifth  ofl 
the  way  up  from  the  bottom,  so  as  to  be  above  the  level  of  thdl 
acid  vrtktery  fluid  ("  3Iuter  s  oleine  tube  ") ;  or  it  may  be  bloiral 
off  by  the  washbottle  deWce  (p,  120).  I 

I>t>  Schepper  and  Geitel  have  construct^  the  table  quoted  on 
p.  377,  exhibiting  the  relative  pixjportions  of  commercial  **oleinoj 
(impure  oleic  acid)  of  tsolidifying  point  5''*4,  and  commerciH 
"stearine"  (stearic  and  palmitic  acids)  of  solidtfying  point  I8w 
present  in  a  sample  of  separation  cake  of  given  solidifying  poiiill 
(compare  pp.  75,  76).  M 

The  "filter  cake  "  obtain eil  from  the  red  oils  when  these  an 
ohilletl  and  passed  through  a  filter  press  varies  considerably  \m 
composition ;  besides  particles  of  fibre  (derive^l  fntra  filter  wnegm 
oovenngs,  kc)  and  dust^  J:c.,  filtered  out^  pi>rtions  of  unsapoM^| 
grease  separate  in  the  solid  state  from  the  cooled  red  odflJ^H 
smaller  quantities  of  unsaponifiable  matters  (cholesterol,  ^c|8lB 
tained  in  the  grease  originally  used.  ^H 
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Percentoge  of  Commercial 

SoUdifyiiif  Point  of 
Seiwntfon  Cake. 

Stearic  Acid. 

Oleic  Acid. 

DegroetC. 

1 

6-4 

0             1         100 

10 

2-5          1          97-5 

15 

6-6          1           93-4 

20 

12-1                     87-9 

25 

18-5                     81-6 

90 

27-2          1           72-8 

32 

31-5          1           68-5 

34 

36*6          1           63-4          1 

36 

43-0          '           570 

37 

46-9                    631 

38 

50-6                    49-5 

39 

54-5                    45-5 

40 

58-9                     41-1 

41 

63-3          1           36-7 

42 

68-5          !           31-5          1 

43 

73-5                    26-5 

44 

78-9          1          211 

45 

83-5          1           16-5          1 

46 

890          '           110          1 

47 

941                       5-9 

48 

1000       ;         0 

The  following  analyses  represent  its  usual  composition : 

Free  fatty  acids,  solid,   . 

„  „        liquid  (oleic  acid), 

Unsaponified  glyccrides, 
Unsaponifiable  organic  matters, 
Fibres,  dust,  &c.,    .... 


54-2       . 

51-4 

250      . 

.       21-5 

11-2       . 

12-3 

4-3 

4-9 

53       . 

9-3 

1000 


100  0 


Since  the  great  majority  of  the  unsaponified  glycerides  con- 
tained in  the  rock  find  their  way  into  the  red  oils,  whilst  these 
latter  constitute  the  smaller  half  of  the  fatty  acids  obtained  (the 
"  stearine "  amounting  to  upwards  of  50  per  cent,  of  the  total 
acids)  it  results  that  the  percentage  of  unsaponified  glycerides 
present  in  the  red  oils  is  usually  more  than  double  that  in  the 
separation  cake.  The  same  remark  applies  to  the  unsaponifiablc 
organic  matters.  If  the  red  oils  be  distilled  by  means  of  super- 
heated steam  the  unsaponified  glycerides  present  mostly  become 
hydrolysed  during  the  operation,  so  that  "distilled  oleine"  is 
practically  free  from  glycerides.  On  the  other  hand,  a  small 
proportion  of  the  oleic  acid  becomes  decomposed  during  the 
process,  forming  hydrocarbons  (compare  p.  278),  so  that  the 
onsaponiiiable  organic  matters  usually  become  notably  increased 
in  amount.     The  following  analyses  indicate  the  composition  of 
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different  Bumples  of  red  oils  and  **  distilled  oleines,'^*  &nd  illustwte 
tbese  points :— 


BadOUc            1 

TkIIow  anil 
PfclmOiL 

^ 

Free  fatt^  acids, 
UnsApooified  glyoentles,    . 
Untaponiliiable  organic  matters,  \ 
hydrocarbonjB,  &c.»          ,         ,  / 

86-5 
117 

18 

87« 
0-85 

90-0       doits 
16       2  as 

1     S'4   ,    rm 

lOO'O 

100-00    1   100-0 

1001W 

Analysis   of  Red    Oils,    Separation   Cake,    and   Similar 

Products.— This  is  carrietl  out  Kubstantially  in  the  way  indi- 
cate on  p.  I\y2.  The  **  free  acid  rvuinber/*  A,  being  determined 
and  alsu  the  *'t<ital  acid  nuuil>er/'  K^  the  data  fire  obtaineil  for 
calculating  tlie  pertentage  of  free  fatty  acids  and  unsaponilicJ 
glycerides  present  if  the  mean  molecular  weight  of  the  &,tty  acid-i 
is  known  or  assumed.  The  unsaponifiable  organic  matters  being 
determined  (by  tlie  methotla  described  on  p*  119)  and  the  per* 
centage  of  these  constituents  subtracted  from  100  (aa  also  thut 
of  any  water  or  other  foreign  sul>stauce  accidentally  present),  a 
fiuffiLiently  close   approximation   tu    the   truth   is   obtained  by 

A 

multiplying  the  difFerence,  D,  by  - — .^  ,  y>  for  the  pr 

centage  of  free  fatty  acids,  and  by    .     7^~  aT~  i  •n^  ^^  ^^^ 

of  the  iindecomp+>sed  glycerides;  for  if  E  be  the  mean  equivale 
of  the  fatty  acids,  E  -*-  12 '6  7  is  that  of  the  glycerides  (p.  165)i 
ami  as  E  usually  lies  l>etween  255  and  285,  the  ratio  of  E 
E'f  12-67  will  lie  Ijetween  1  to  1  050  and  1  to  1045,  and  ma 
safely  Ije  taken  as  1  t'O  1  '05 ;  so  that  the  weights  of  free  fail 
acids  and  glycerides  will  be  substantially  in  the  ratio  of  A 
(K  -  A)  X  1*05,  whence  the  percentages  will  be — 


Ff^  ffttty  «cia«     =    j^ff^^f^^ 

(K  -  A)  X  1-05 
A  +  (K  -  A)  X  1-05' 


•  D 


Glyeeritles 


Thus  supposing  that  a  given  subetanoe  containB  5  per  cent  < 

nnsaponifiable   matter,  itc,  and  consequently  that   D  =:=  95  ; 
the  free  acid  nund>erj  A,  I>e  found  =  175'0  and  the  total 
number,  K,  ~  195'0,  so  that  K  —  A  =  20,  the  c^impoaition 
be — 
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37» 


Free  UXty  ftcids 

OlycflTides  175  +  20  .  H)5 

Uiia&pomJiible  matbers,  &c,  * 


175  +  20  X  l-Oo 
20  X  105 


17ii 
196 
21 

im 


=     89^28 

^      10-72 
=       5-00 


lOO'OO 


^.om  these  figures  it  results  that  t!ie  value  of  E  is  close  to 
i;  for  1,000  parts  of  substance  coiitam  892*8  of  free  fatty  acida 


alising  1750  of  KOH  ;  whence 
175i>     I     561       :  :       892-8 


X     =     2SG-2 


EfiimilArly  the  mean  equivalent  of  the  glycerideit  is   close  to 

"i-2  +  12-67,  or  nearly  21*9. 
[Several  attempts  have  been  made  to  substitute  metallic  oxides 
lime  in  the  autoclave  Hrne  process,  more  especially  magnesia 
zinc  oxide.     At  ordinary  pressure  these  Ixidiea  usually  act 

an  fiitty  glycerides  (such  as  tallow)  appreciably  more  slowly 
Urae,  probably  on  account  of  their  greater  insolubility  in 
wmter;  bat  it  is  claimed  that  under  pre.ssure  this  difference  is 
noi  observed,  but  rather  the  eontrary,  so  that  a  much  smaller 
proportion  of  zinc  oxide  will  effect  the  saponiii cation  and  hydro- 
lysis of  fatty  matter  than  is  necessary  in  the  cfkse  of  lime :  thus 
in  the  British  patent  apeciffcation  of  Poullaio,  E.  F*  Michaud, 
and  E.  N.  Michaud  (No.  5,112^  18iS2)  from  2  to  5  parts  of  zinc 
oxide  are  directed  to  be  used  per  1,000  of  fatty  matter  {0'2  to  0'5 
percent.),  heat  being  continued  for  3  to  t  hours  under  a  pressure 
of  100  to  130  lbs.  (7  to  9  atmospheres).  It  is  claimed  that  the 
asnaller  propcirtion  of  ba.se  employed  renders  it  necessary  to  use 
tnnch  less  acid  to  obtain  pure  free  fatty  acids  than  would  other- 
iriae  be  required  ;  whilst  for  certain  purposes— f*.^.,  manufacture 
of  scouring  soaps — ^it  is  not  necessary  to  dissolve  out  the  zinc 
nX  all.  As  regards  magnesia,  comparative  experiments  with 
lime  and  magnesia  show  that  the  action  of  the  Jatter  is  always 
inferior  to  that  of  the  former  (vich  Journ,  Soc,  67t^m.  Indusfri/j 
1893,  p.  163). 

A  somewhat  analogous  process  has  been  proposed,  where 
am^monia  is  used  as  saponifying  agent,  fatty  matters  and  aqueous 
ammonia  being  heated  together  under  pressure.  Ammonia  soaps, 
if  formed,  are  so  far  wanting  in  permanency  that  by  blowing 
steam  through  them  they  are  decomposed,  ammonia  passing  off 
(collected  for  use  over  again),  whilst  free  fatty  acids  and  glycerol 
aolution  remain.  It  does  not  appear  that  this  system  has  as  yet 
been  adopted  so  largely  as  to  rank  as  an  established  practical 
manufiicture;  but  if  sufficiently  complete  decomposition  is  obtiiin- 
able  in  a  moderate  time,  a  priori  the  method  would  seem  to  be 
of  a  workable  character. 
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St-eui,  Berge,  and  de  Roulmix  have  patented*  the  use  ^ 
solution  of  sulphurous  acid  or  alkaline  bisulphite  a»  hydrolytk 
agent ;  from  21  to  '^  per  cent,  of  solution  is  added  U*  the  fAtifiij 
pi*essure  vessel,  and  the  teinperature  raised  to  170*  to  1^»1 
whereby  a  pressure  of  some  18  atmospheres  is  attained ;  Utf  1 
reaction  is  said  to  be  complete  in  alx>ut  9  hours.  The  tempenrJ 
ture  should  not  exceed  2CM)^  C. 

Hydrolysia  of  Pate  by  means  of  Sulphuric  Aci<L— II  \ 
long   l>een    known    that   free   fatty   acids   are   obtainable 
glyeeridesi  by  actinj;?  upm  them  with  sulphuric  acid,  the  glya 
i>eing    largely    converted    into    glyceroaulphuric   acid   (p.    Ulj 
subsequently  more  or  less  decomposed  by  the  heat,  and  the  f»tl 
iicids  l)eing  to  some  extent  similarly  acted  upon,  especially  in  T 
case  of  oleic  acid.     The  "  Wilson  "  process  (sometimes  called  ■ 
**  Dubrunfiiut*^  process)^  the  outcome  of  various  methods  origiiullv 
patented  in  P^ngland  by  Gwynne,  Jones,  and  Wilson  (Price  ^   ' 
in  1840  to  1843,  substantially  de}}ends  on  these  reaction.-, 
the  further  iuldition  of  purifieution  of  the  fatty  adds  by  dieuli*- 
tion  with  superheated  steam  ;  the  melted  fats  (more  especialir 
palm  oil)  are  heated  in  a  st^^ut  copper  ves^sel  (the  •*  acidifif 
about  300^  to  350^  F  =  U9'  to  177*  C,  by  means  of  superh'  r 
fiteam  ;  sulphuric  acid  is  then  run  in  to  the  extent  of  3  to  5  per 
cent,,  the  whole  intermixed,  and  allowed  to  st^nd  some  houn; 
during  this  period  the  glycerides  are   broken   up,   and  forcisiii 
iirganic  matters  present  mostly  carbonised.     In  genenil,  the  less 
the  quantity  of  sulphuric  acid  used,  the  liigher  is  the  temperatitre 
employeil.     The  acid  mixture  is  theti  run  off  and  boiled  op  villi 
water  by  means  of  w*et  stejim,  so  as  t^j  wash  out  sulphuric  adti 
and  other  pro<:lucts  soluble  in   water;  after  standing  for  «on» 
hours  to  settle,  the  crude  fatty  acids  are  separated  and  heated  to 
about  240"  F.  (116°  C.)  to  complete  the  removal  of  water;  fijuJ^ 
superheated  steam  at  a  higher  tempemture  is  passed  thron 
the  precise  temperature  varying  with  the  nature  of  the  fai 
matter  used,  but  l^eing  usually  near  560*  F.  (294'*  C*) 

Under  these  conditions  the  fatty  acids  are  volatilised,  and 
condensed  along  with  most  of  the  steam  in  a  series  of  ct>pp 
serpentine  refrigerating  pipes  exposed  to  the  air,  the  eacupil^ 
vapours  being  deodorLsed  fis  far  as  jwssible  by  a  w^ater  shuw 
to  absorb  aeroleLiij  *fcc.,  and  subsequently  bume<l,  mucii  as  in  the 
somewhat  analogous  ease  of  rendering  animal  fats  (p.  247).     The, 
fatt}^  acids  thus  obt^ained  contain  a  much  larger  proportion 
solid  acids,  and  less  Huid  oleic  acid  than  those  obtained  hyl' 
lime  saponihcation  prcK^ess  from  the  same  material,  whether 
the  open  pan  oi*  autoela%  e  methotl ;  it  would  seem  very  prohah 
that  this  is  due  to  the  transformation  by  the  action  of  sulphuri 
acid  of  oleic  licid  into  isoleic  acid  (melting  at  near  45°  C),  as 
the  case  of  the  actitm  of  zinc  chhiride  on  oleic  acid  (p.  142);  t 
*  German  patent,  No.  Gl,^^. 
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possibly,  stearolactone  or  oxystearic  acid  is  formed.  According 
to  Lant  Carpenter,*  tallow  which  will  only  yield  about  50  per 
cent,  of  its  weight  of 
candle  material  when 
treated  by  the  lime 
process,  gives  by  the 
sulphuric  acid  process 
at  least  75  per  cent,  of 
sach  material  of  but 
riigbtly  inferior  quality. 
Of  this,  about  three- 
fourths  is  ready  for 
candlemaking  without 
further  treatment;  the 
other  fourth,  when 
pressed  and  redistilled, 
yields  some  75  per 
cent,  of  its  weight  of 
stearic  acid,  and  25 
of  oleic  acid ;  ulti- 
mately, only  about  5 
parts  of  oleic  acid  per 
100  of  &t  are  obtained. 
A  considerable  pro- 
portion of  black  pitch 
(often  amounting  to 
15  per  cent,  and  up- 
wards) is  obtained  as 
bye  product,  whilst  the 
glycerol  obtainable 
from  the  acid  liquors, 
&c.,  is  much  less  in 
quantity  and  more 
costly  to  isolate  than 
that  from  the  lime 
process ;  accordingly, 
whilst  the  larger  yield 
of  solid  f&tty  acids 
renders  the  acid  method 
more  economical  from 
one  point  of  view,  it 
must  be  taken  into 
consideration,  per  con- 
tra, that  pitch  instead 
of  oleine  is  obtained  as  part  of  the  product,!  and  that  glycerol 

*  Spon*8  Enq/clopadh,  p.  581,  et  ieq. 

tBy  distillation  at  a  higher  temperature  the  pitch  left  on   the  first 
dlatillation  affords  a  certain  proportion  of  fatty  acids  of  inferior  quality. 
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is    lost,    thus    materially    diiuiiiiRhing    llie    ajipareat  adTiatr 

Fig,  83  illustrates  the  "^eoeral  character  of  the  plant  oied  k 
tlie  process,*     A  is  the  tank  intii  which  the  tallow,  ia^isTwMJ 
by  means  of  a  st«am  jet  directed  upwards  into  the  bufigl 
the  cank.    B,  uno  of  a  series  of  leml lined  tanks,  in  which  the | 
is  heated  before  treatment  M^ith  sulphuric  acid,  so  as  toll 
water,    C,  pump  with  suitable  taps  and  connections  enAhlin|IM 
pump  up  the  hot  grease  into  the  **acidiiier,"  D;  or  intoili*t«l^ 
H,  supplying  the  still,  I,  after  the  sulpburic  acid  has  be«'n  ^risW  J 
out  with  water.     E,  acid  tank  supplying  aA?idiiier,    F  F,  vs^ 
heaters.     GOG  G,  washing  vats^  where  the  acidifies!  ^^mi 
boiled  up  with  water  and  steam  to  wash  out  sulphuric  lui^l,  i^l 
H,  greawe  tank   suppljing  still,  T,  through  which  superha 
steam  is  blown,  the  vapours  being  c<^mdensetl  by  the  refrijj^n 
K,  and  copper  cooling  coils  cf>ntained  in  the  tanks,  it.    L,  scruW 
to  condense  acrolein,  Jkc.     M,  pipe  leading  uncondensed  v*poai 
(Sjc;,  away  to  combustion  flue  for  tlestruction. 

Fig.  84  represents  Knal/s  apparatus  for  continuous  distilli 
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Fig.  84. 

hy  superheated  steam,  A  is  the  distillation  ve-ssel,  into  wi 
the  fatty  acids  to  be  ilistilled  are  run  through  the  supply  full 
C,  at  intervals  regulated  by  the  rising  and  falling  of  tlic  i 
valve,  D.  Superheated  steam  enters  l>y  the  pipe,  F  (fundi 
with  regulating  valve  and  safety  valve,  K),  and  possess  in  m 
streams  through  the  molten  fatty  acids  from  the  horheontol 

•  L*  Field,  **  C^iiitor  Lectures/'  IHSn  {Ji^urn*  Soc.  Art*^  voL  suLxi,,  p. 
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at  the  base.  The  vapours  pass  off  through  the  neck,  G,  to  the 
condenser ;  the  most  easily  condensed  fatty  acids  are  collected  in 
H,  and  drawn  off  from  time  to  time  through  the  cocks,  J  J, 
whilst  the  other  vapours  pass  on.  K  K  is  a  blow  off  pipe  for 
removing  residual  pitch  at  intervals,  the  supply  of  fatty  acids 
throu^  0  being  temporarily  shut  off.  Heat  is  applied  by  means 
of  a  bath  of  molten  lead  or  other  suitable  metal  contained  in  the 
outer  pan,  B. 

According  to  Schadler,  the  quantities  of  steam  requisite  for 
distillation  of  a  given  quantity  of  fatty  acids  at  different  tem- 
peratures are  as  follows  : — 


Tempenture.  Weight  of  Steam  for  1  part  of  Fatty  Acids. 


20(rto230* 
230**  to  260' 

290" 
325*  to  356'' 


7  ]>art8. 

3  to  4  parts. 

2  parts. 

1  part. 


When  the  distillation  temperature  does  not  exceed  240**,  the 
distilled  fatty  acids  are  almost  white ;  at  260''  a  little  coloration 
is  manifest ;  at  290°  this  is  more  marked,  whilst  at  temperatures 
above  300*  the  distillate  is  yellow  or  brown. 

Numerous  other  forms  of  apparatus  for  effecting  distillation  by 
means  of  superheated  steam  have  been  constructed  for  particular 
purposes — e.g.,  the  purification  of  grease  from  cotton  seed  foots 
(p.  261),  of  Yorkshire  grease  (p.  277),  and  similar  substances ; 
for  the  most  part  these  differ  from  the  above  arrangements  more  in 
details  of  construction  than  in  general  principles. 

In  Marix'  arrangement  for  the  distillation  of  free  fatty  acids 
produced  by  hydrolysis  or  otherwise  an  air  pump  is  applied,  so 
that  a  temperature  of  250'*-255''  suffices  for  the  distillation  under 
diminished  pressure.  A  similar  process  has  been  patented  by 
Lewkowitsch  (English  patent,  5,985,  1888),  the  pressure  being 
reduced  by  10  to  13  lbs.,  so  that  a  temperature  of  about  460"*  F. 
(238**  C.)  suffices,  instead  of  about  600*  F.  (316*  C.) 

It  is  noticeable  that  when  the  products  of  distillation  of  a 
charge  of  given  material  are  collected  in  separate  fractions,  it  is 
found  that  in  some  cases  the  portions  first  passing  over  are  the 
most  fusible,  those  coming  over  later  possessing  successively 
higher  and  higher  melting  points ;  whilst  with  other  fatty  matters 
the  reverse  is  the  case.  Thus,  with  palm  oil  the  first  distillate  is 
sufficiently  solid  to  be  used  for  candlemaking  without  any  further 
treatment^  whilst  the  later  portions  are  softer,  and  must  be 
pressed  before  they  can  be  thus  employed.  With  bone  fat,  on 
the  other  hand,  the  successive  fractions  show  a  regular  increment 
in  consistency.     The  following  illustrative  figures  are  given  by 
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Payne  m  the  melting  points  of  the  fatty  acids  oollect«d  in  «w 
different  fractions :— 


-oil 


FrwrtlotL 

BooeFM.            ' 

MmOO.         1 

1 

DcfTMiC. 

"fn"^ 

2 

41 

52 

3 

41 

4B 

4 

43 

m 

5 

45 

44 

6 

45 

41 

1                7 

47 

39-5            ' 

In  ahuost  :ill  cases,  however^^the  average  melting  point  of  fej 
(listilled  fatty  acids  exceeds  that  of  the  crude  acitls  hdm] 
distillation. 

Book's  Process*^ — In  Wilson  a  process  the  hydmlyuis  of  diel 
giyeerides  is  mainly  effecterl  under  the  influence  of  tHimparatiTfjly 
concentrated  Hulpburic  acid  (itii  tolerably  high  teiiipeniture  (ISO' 
to  l!SO'C.)j  and  suhseiiuently  completed  partly  by  abiding  wnt^r 
and  Ixiilint;  up  with  wet  steam^  and   piirtly  by  distillation  witk 
superheated  steam  ;  Book's  process  dill'ers  therefrom  in  that  the 
hydi'olysis  is  mainly  etlected  by  comparatively  dilute  sulphttric 
luiii],  the  action  of  which  i;^  faci!itaic*d   by  the  removal  of  th 
nitrogeneouH   fihiis   or  enveloj  es  coating  the  fatty  glolmles 
means  of  concentraterl  sulphuric  acid  acting  at  a  much  lown 
temperature  than  in  WiIhoii'h  process.     Tallow,  itc,  h  heated  1 
115*  in  an  open  vat  *  and  w^ell  sigitated  with  from  4  to  6  per  ( 
of  sulphuric  acid,  whereby  the  albuminous  envelopes  are  ch 
and  broken  up,  but  little  or   no  hydrolysis  etlected.     Water  1 
then  atlded,  and  the  blackened  but  still  neutral  fat  boiled 
w  itli  the  resulting  dilute  sulphuric  acid  for  some  houn;  until  tij 
decomposition   of  the  giyeerides   is  complete^  the  degree  beii 
jiidged  by  the  mode  of  crystallisation  iif  the  fatty  acids  on  oooli) 
a  sample*     When  cojnplete,  the  acid  fluid  is  run  off  and  neutr 
ised  with  lime,  and  the  resulting  aquecms  crude  glycerine  solutio 
concentrated  for  sale.     The  blackened  fatty  acids  are  then  suh- 
jected  ta  oxidatiim  by  means  of  bichnjmate  or  permanganate  of 
potash  ami  sulphuric  or  hydrochloric  acid^  or  of  nitric  acid,  bleach- 
ing powder,  itc,  whereby  the  alVmminnus  charred  matters  art 
largely  increased   in   density  so  that   they  subside,  lea\'ing  the 
fatty  acids  of  a  pale   browrt   tint :  these  are  then   washed  and 
crystallised,  and  subjectetl  to  cold  and  hot  pressure  in  the  usual 
\viiy\  whereby  a  brown  oil   and  a  white  stearine  are   obtained 
The  solid  acids  oljtained  are  saiil  Ut  l>e  whiter,  of  higlier  melting 
point,  and  larger  in  quantity  than  those  obtained  fi*om  the  same 


•Latit   Carpenter,    Briiiith  AsHft^ifttion   E^portn^    1872,  p»  72;  vidt 
IHjujter^s  Po'yftrh,  Jo-urn.,  May,  I97v*.  ^ 
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material  hy  lime  saponifiention,  (irolMiblv  tlimu^h  funiuition  of 
isoleic  aeitl,  st^arolactune,  or  ox ystearic  jvcitl,  tfec.  (pp.  29^  39) ; 
whilst  6  ti)  7  j>er  cent,  of  glyceriut*  8olution  itt  3S' T,  (spf^cific 
avity  l*19y  (30iit4iiiiijig  iihout  70  per  cent,  of  actual  glycerol)  ia 
obtainable.  The  plant  is  Miniple^  all  the  operations  being  carried 
out  in  line  vessel ;  and  as  '>nly  open  steam  ia  used  there  is  no 
danger  of  explosion  as  with  auttidave  processes.  If  desired,  the 
brown  oleic  acid  can  be  distilled  hy  nietins  «»f  sviperheated  steam; 
or  it  am  be  converted  into  palmitic  acid  by  Kadisson's  process 
(injm),  for  whicli  purpose  it  is  well  fitted.  100  parts  tallow 
yield  95  of  crude  fatty  atnd.s,  reduced  U.^  D-'i  by  oxidation  and 
washing,  of  which  55  to  ()0  parts  ai*e  nbtaioable  as  candle  st carina, 
melting  at  58"  to  6U   C.  (136"^  to  140'  R) 

HydrolysxB  of  Grlycerides  by  Water  Only. — Tn  1^54  a 
patent  wuh  taken  out  by  Tilghmann  for  tlie  decomposition  of 
^lycerides  by  means  of  svater  unrler  great  pressure,  and  corre- 
ndingly  high  temperature  ;  in  one  furm  of  apparatus  a  mixture 
fat  and  water  was  forced  through  a  <'nil  iie/vted  to  about 
42^  C.  (upwards  of  800'  K ),  the  pressure  approximating  to  a  ton 
r  square  inch  (some  HO  atntos]>heres).  Various  impu*ovements 
re  subsequently  made  ;  but  the  practical  dilhculties  attending 
le  working  of  manufacturing  o [aerations  of  the  kind  prevented 
e  method  l>eing  largrdy  ailujited,  A  mmlification  of  the  process, 
tented  shortly  afterwards  liy  \Vilsf»nX'  Payne  (No.  l,6i>4,  1854), 
!ects  the  same  result  in  a  much  simpler  way.  The  fatty 
matter  being  healed  in  n  still  to  alM>ut  300"  0.,  steam  from  a 
superb eiiter  im  1>1o\mi  through  it  by  ineanH  of  a  rose  jet  or  false 
ttom  perforated  with  a  large  number  of  small  holes,  so  that 
mnjerous  jets  f if  steam  rise  through  the  mass.  Hydrolysis  takes 
[ace,  and  the  fatty  acids  and  glycerol  formed  are  volatilised  and 
ied  over  witli  the  excess  of  steam  to  the  condensers,  where 
e  free  fatty  acids  and  glycerol  in  aqueous  solution  are  obtained  ; 
0  fonner  condense  iirst,  so  that  by  using  a  series  of  condensing 
chauibers,  little  but  fatty  acids  are  obtained  in  the  earlier  ones, 
iWhilst  chieily  watery  glycer**!  condenses  in  the  later  ones,  yielding 
very  |>ure  commercial  glycerine  by  simple  concentration  after 
parJitijig  the  small  quantity  of  accompanying  fatty  acids. 
Fig.  85  representxS  the  general  character  of  this  plant.  Bteam  is 
superheated  in  the  superheater  A,  and  passes  into  the  retort,  C, 
covered  in  with  a  lid,  E  ;  the  \'apours  p;ms  olT  to  the  ctmdensers, 
G,  for  fatty  acids,  and  F  for  glycerol  water.  If  the  temperature 
is  too  high  (above  315"),  tnuch  Iosh  of  glycerol  occurs  through  the 
formation  of  acrolein. 

In  France,  the  saponification  of  fatty  matters  liy  means  of 
water  alone  (without  lime,  it:c.)  is  much  more  largely  carried 
out  tliiin  in  Britain,  on  account  «»f  the  more  frequent  use  of  pure 
gtearine"  candles,  instead  of  those  i little  largely  or  whoU}^  of 
n  wax.    Beveral  different  forms  of  apparatus  are  in  use  :  for 

25        \ 
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a  description  of  some  of  these  exhibited  at  the  Paris  Kxhihiti 
*W«  B,  Lach,  Ch^n,  ZeiL,  13,  pp.   1157,   1218,    1335.1374; 

abstract  Jourfial  Scte.  Vlt^m.  Infi.,  1890,  p.  82. 

Utilisation  of  Red    Oils.— In   the  manufacture   of 
mat-erial   from  glycerideii    a  more   or    leas  considerable  prop 
tion  of   ^' re*l  oils'    is  obtained,  the  amount  varying  with  tba 


r— ,                    ; 

rfiT    , '  'M     ^  .  .-■  M 

Fii^.  85, 


method  of  saponification  or  hydrnly^»i«  adopted,  the  luiture  6f 
the  fatty  matt4?rs  used^  Jtiid  the  temperature  at  wJiich  the  cole 
pressing  is  eftectetL  Commercially,  the  "  oleine  **  thus  prtidao 
is  considerably  less  valuable  than  the  nulid  **stearine;"  wheiu 
cteien^  jKiriijtiji^  it  is  desirable  so  t^o  oonduet  the  operaticitiii  a&  ( 
obtain  the  maximum  yield  of  solid  products  and  the  minim um  ( 
hquid  ernes.  In  general  the  red  oilfi  thus  produced  are  utilise 
by  conversion  into  socalled  ^^oil  soap,'^  by  direct  saturation  will 
soda  ley  c^f  appropriaite  streiigtb  {mi/r  Chap,  xx.)  :  but  varion 
attempts  to  employ  them  as  a  source  of  other  more  ^aluahle 
pi"oductH  have  been  made.  One  such  process,  due  to  v.  Schmidt, 
consists  in  heating  the  red  (»ils  -with  alxiut  10  per  cent,  of  xinc 
chloride  to  a  temperature  uf  al>out  185°,  whereby  conver?}ion  into 
more  solid  subvstances  is  lu'uught  alniut,  chieJly  by  formation  of 
isoleie  acid  and  stearolactoiie  {tfide  p.  142).  Another  process 
(Hadisson's,  mtie  infra)  depends  on  the  conversion  of  oleic  into 
palmitic  acid  by  fusion  with  alkalies;  whilst  Ziirer  has  att^^inpted* 
to  convert  oleic  into  stearic  acid  l>y  first  subject injOf  to  the  acUa 
of  chlorine,  and  then  treating  the  dichloride  of  oleic  acid  fornio 

*  German  Pfttent,  No.  62.407. 
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with  nasc6]|t  hydrogen  e  vol  veil  from  zinc  dust  (or  finely  divided 
iron  or  magnesium)  and  wat^er  lioatril  under  pressure,* 

HadiBBOn*B   Artificial  Palmitie   Acid^^Tt   lifus   lon^  been 

. knoMTi  that  acids  of  the   oleic  family  when  fused   with   caustic 

oUish  undergo  a  peculiar  4lecomp<Psiti<jn  evoh  in*:^  hydrogen,  and 

breaking  up  so  as  to  form  two  acitls  of  the   stearic  family,  of 

rhich  acetic  acid   is  generally,  if  not   invariably,    one  {p.   24)  j 

f.tf.y  oleic  acid  when  thus  treated  breakn    up,  f<trming  palmitic 

tid  in  accordance  with  the  equation — 


Oli-k  Adil, 


■r     2K0H     = 


P(>ra>t!tiiijn 
Palm  Kate. 


PotuKlniu 
Act'latt. 


CiflHaiKOa     +     CjHaKOa 


IT. 


8t.  Cyr  Kadiastm  has  succeeded  in  carrying  out  this  reaction 
on  a  manufacturing  scale,  converting  sonje  tH  tons  oleic  acid 
into  palmitic  acid  per  diem.  The  fusion  is  eOected  in  a  covered 
iron  cylindrical  pan  or  "  carkmche '"'  with  dished  Imse^  pixjvided 
|With  a  mechanical  agitator,  and  set  in  brickwork  some  distance 
|jiearly  6  feet)  a1x)ve  the  firebars  of  a  grate,  so  that  a  large 
>t  air  chamber  is  formerl  underneath,  enabling  the  tempera- 
ire  to  Im^  more  easily  regulated.  1,G50  lbs.  of  oleic  acid 
id  2,750  of  caustic  potash  ley,  specific  gravity  1^4,  are  run  in  ; 
steam  ceases  to  be  evolved,  a  manliole  in  the  cover  is 
i,  and  the  evolved  hydrogen  [►assesoll'  by  a  pipe  to  a  purifier 
gasholder  for  other  use.  Tlie  temperature  requires  to  he 
very  nicely  adjusted,  300'  Uj  310'"  beijig  the  proper  value,  whilst 
At  520"*  destructive  distillation  commences  ;  to  avoid  overheating 
.  Gifford  steam  injector  is  provided  wherelty  the  temperature  of 
"ic  interior  can  be  reduced  when  re»]iiisite.  Some  36  to  40  horn's 
J  required  for  completely  working  off  a  charge,  including  filling 
le  pan  and  emptying;  the  progress  nf  the  openition  is  judged 
sampling  and  testing  the  solidifying  point  of  the  acids 
erated  from  the  Tnass  by  a  mineral  acid,  preferably  by 
)alican^s  inetbotl  (p,  74).  When  complete,  the  contents  of  the 
xn  are  run  off  through  an  outlet  pif»e  into  a  tank  containing  a 
all  quantity  of  water,  and  the  whole  heated  up  by  a  steam  jet. 
le  excess  of  potash  present  then  dissolves,  forming  a  strong  ley 
hpeoiBc  gravity  about  114)  in  which  the  potassium  palmitate 
inBoiuble,  fioating  up  as  a  soap  ;  this  is  transferred  to  a  decom- 
sing  vessel  where  the  palmitic  acid  is  set  free  hy  means  of 
'sulphuric  aciil ;  the  acid  is  then  distilled  in  the  usual  apparatus, 
leaving  some  3  per  cent,  of  pitchy  and  furnishing  a  perfectly  white 
acid,  melting  at  50*  to  53"  C,  burning  with  a  clear  smokeless 
fiaioe.     About  87  per  cent  of  white  palmitic  acid  is  obtainable 

•  De  Wilde  and  Reychler  had  previously  bIidwii  that  by  heating  oleic 
rid  with  a  nmall  quantity  of  iodine  or  bromine  under  pressure,  some  70 
er  opnt,  becomes  converted  into  stearic  acid  (BiiUctin  6'oc*  Chtm.j  VnviB, 

89,  i.  p.  296). 
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in  practice,  the  theoretical  yield  being  91  per  cent,  of  the  oldc 
add  used.  According  to  Lant  Carpenter,  the  oleic  acid  produced 
by  Bock  s  process  {sttpnt)  is  better  adapted  to  the  purpose  tbao 
ordinary  red  oils  prepared  by  alkaline  saponilicAtion,  a  bigbtr 
yield  of  palmitic  acid  l)eing  thereby  obtained.  For  further 
details,  mde  Spon's  Enct/efajMrdia  of  ArU  nwiti  JfanuffU^UtrfJi^ 
p.  584. 


CHAPTER  XVII. 

MANUFACTURE  OF  CANDLES,   TAPERS.  AND 
NIGHTLIGHTS, 

Several  different  kinds  of  process  are  or  have  been  employed  in 
the  manufacture  of  candleii  for  the  purpose  of  siirrouoding  the 
wick  with  a  more  or  less  uniform  coating  of  solid  combustible 
matter.  In  the  early  and  middle  ages,  when  wax  was  die 
material  used  by  the  more  wealthy  classes  as  illuminant,  * 
simple    mechanical    process  of  hand   man u Picture    was    usiullv 

atlopteil^  a  lump  nf 
wax  Ijeing  softenrti 
by  heat  and  kneartrtl 
until  sufficiently  plA» 
tic,  then  applied 
round  the  wick,  ami 
rol  1  ed  i  n  to  s  hape.  A 
similar  process  is  still 
employed,  with  tlif 
difference  that  the 
wax  is  applied  \ij 
"pouring"  the  jmt 
melted  materia)  ^tvtt 
the  wiek  ?io  ;is  to  in- 
crust  it  with  a  layer 
<»f  wax ;  after  cotxlias, 
another  layer  v*  simi- 
larly  poured  over, ami 
so  on,  the  caxidlf 
1km  ng  reversed  in 
fiosition  fri>m  tijne  tc 
iime  until  the  reijulsite  thickness  is  attaineii;  the  still  somewhftt 
plastic  wax  candles  are  then  rolled  into  shape,  some  half  doz/tn 
at  a  time,  on  a  smooth  marble  table  with  a  board  on  which  the 
workman  presses  heavily;  the  finished  candle  coDsequently 
exhibits  concentric  layers  of  wax,  something  like  the  rings  of  a 
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The  process  requires  ciKisidenible  skill  to  pnxluce  a  per- 
©ven  surface  with  truly  central  wick,  especially  in  the  case 
'of  hirge  sized  camlles  ;  to  facilitate  llie  **  p^niriug*  or  '*  basting^* 
operation,  the  wicks  are  usually  Ining  uri  a  horizontal  wheel 
(Fig,  H(y)  ^\i^d  over  the  project inj;^  lip  of  a  largo  liasin  holding 
the  lueltetl  wax,  so  that  each  ia  **  fwisted  '  in  turn.  Large  conical 
I  altar  candles  (rtV/v/^^)  are  still  generally  iriade  suhj^stantially  hy 
the  older  process,  the  plastic  wax  being  rolled  into  a  long  thin 
strip  or  nlilion,  which  is  then  coilefl  round  the  wick  (previously 
isoake^l  in  melted  wax)  and  rolled  into  shape  on  the  niarhle  slab, 
[instead  of  k>eing  Imsted  on. 

In  practice  it  is  tlithcult  to  ''niould'*  wax  caiuUes  satisfactorily 
Jon  account  of  sticking  t<:»  the  mould  and  shrinkaj^e  during  solid!- 
Ication,  and  consequent  tendency  to  crack  ;  but  thin  candles  can 


%£/•     0 


Fig.  87. 


^^^HPtlrawn"  somewhat  after  the  fa-shioti  of  wire  hy  xnnining  the 

^^^B«  through  a  pan  of  melted  wax,  and  suhReqtiently  making  it 

[       puss  through  a  dra^vplate  so   lu*  to  reiluce  the  layer  of  wax  to 

umform  thickness  (Fig,  87),     The  wick  is  usually  wound  from 

one  drum  on  to  another  ;  after  one  coating  is  applied  it  is  wound 

^H  back  again^  this  time  passing  thnmgh  a  smnewhat  wider  draw- 

^Bhole,  so  as  to  give  an   increased  thickness  of  wax  ;    as  a  rule, 

^^  however,  neat  tapers  of  nna*e  than  alxut  half  an  inch  diameter 

cannot  Iw*  convenientiy  made  thus,   a.s   the  tendency   to  craek 

becomes   to<>   great   when    tlie    diameter    increases   beyond    this 

point.     In  svhatever  way  the  wick  is  coated,  whether  by  "  rolling," 

**  pouring/'  or  *Ulrawing,"  the  canillcs  are  ultimately  finished  by 

cutting  oti'  the  butt  ends  clean  with  a  sharp  knife  (Fig.  SS)^  and 

trimming  the  other  ends   to  conical    tips.      When   tinted  wax 

.candles  are  retiuisite  usually  only  the  last  batches  basted  on  are 
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-ookmf^d,  as  the  tinting  materiaLs  are  generally  apt  to  clog  tka 
wicky  espet'iuUy  if  solid ;  for  white  candles  airbleaclied  wu 
(p.  268)  is  employed,  wax  blanched  by  chemicals  (cspeciiDj 
dilorine)  being  unsuitable  (p.  2G7), 


Fig.  SS. 

Dip  Candles. — In  the  preparation  of  rough  candles  for 
hold  use  in  mediie\'al  time-s  and  even  still  more  recently 
wicka  used  were  generally  rushes  (Junctt^  con^oniercUus) 


Fig.  89. 

peeled  so  as  to  leave  the  pith  supported  by  one  thin  rib  of  greeo 
rind,  whemn^  the  familifir  term  *^*  rushlight.**  These  were  soaked 
(after  drying;  in  melted  tallow  or  kitchen  grease,    held  up  to 

♦CJilbert  White,  **  KaturcU  BiHory  of  Seibomti;'  1789. 
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cool,  and  then  *iipi>ed  a^ain  carefully  into  the  just  melted  ^reaae 

^pd.   quickly   withdrawn,   so   that    the    film   of  adherent  tallow 

H>liditied  IjKjfure  it  h^id  time  tu  ruu  dnwn  ;    fur  which  |>urpose 

^fc  was    irnpenitive   that  the  grtvuse    should  nut   he  overheated. 

Hftie  dipping  was  then  repeated  at  iiiter%'als  until  the  coating  of 

ladlow  was  sulticiently  thick.     By  and  bye  when  tallow  eandle- 

making  became  a  tnule  of  itself  thin  method  of  manipulation  was 

Adopted  on  a  lar^^er  scale  with  appropriate  modiiications ;  linen 

or   cotton  wicks   supplanted  rush  [>ithj  whilst  the  dippiiii;  was 

Tected  by  hxing  a  number  of  wicks  (previously  soaked  iu  tallow) 

hooks  driven  side  by  side  a  little  way  apait.  into  the  bottom 

I  piece  of  lK>ard  or  wooden  lattice  frame,  so  that  by  liftin«jf  the 

ura  by  means  of  a  knob  ov  hantlle  on  the  upper  side,  all  the 

kricks  attached  could  be  siinultaneuusly  (Hpped  and  withdrawn. 

to  facilitat^e  the  dippmjLf^  the  l>oard  with  dependent  eandles  was 

died  to  a  rope  passing  over  a  pulley  (Fi|^.  89) ;  each  frame  of 

indleji  when  dipped  being  unhooked  from  the  rope  andsEspendetl 

frrjm  the  periphery  of  a  horii:ont4il  wheel  so  iis  to  hang  up  and 

harden  ;  by  dipping  in  regular  successi^m  each  one  of  a  number 

of  frames  thus  suspeniifMJ,  each  batcii  of  camlles  became  sufli- 

Kntly  cooled  and  *^set"  to  be  ready  fi»r  another  dip  by  the  time 
turn  came;  the  wheel  thus  slowly  revulveil,  making  one 
revolution  for  each  di|»ping  of  the  whole  series  uf  frames  suspended 
therefrom.  By  attaching  suitable  weights  U*  the  end  of  the  cord 
an  counterpoise  the  time  is  e/isity  ascertained  when  the  candles 
ive  \yeen  thpped  sulhciently  often  to  be  of  the  right  weight. 
To  avoid  the  trouble  of  unhooking  each  frame  and  hanging  it 
jlp  from  the  wheel  a  series 
r  separate  radiating  bars 
ive  been  substituted  for 
tie  complete  wheel,  each 
Eir  Ijei  ng  capable  of  osci  I  - 
ftting  in  a  vertical  pi  am? 
rorking  on  a  pin  in  a 
tlot  in  the  vertical  axis. 
Tig.  90  represents  a  form 
'  Kilinburgh  wheel** 
of  this  ilescription  ;  each 
bar,  B  B,  carries  two 
ipping  frames,  one  at 
ch  end*  the  .second 
erving  as  counterpoise 
the  first ;  each  tmme 
successively  pulled 
iown  and  dipped  in  the 
tidlow  cauldron  and  then 
aised  again,  the  wheel  being  made  to  revolve  partially  so  as  to 
taring  the   next  sucueeding  fi-ame  over  the  cauldron.      Various 


Fig.  90, 
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sabsidiary  arrangements  are  sometitnes  ajipliecl  for  Uie  |mrpoii 
of  ensuring  horizontality  of  the  radiating  bars  when  nused  after 
dipping  even  though  the  newly  dipped  end  ninj  lie  ft  littk 
heaWer  than  its  counterpoise. 

The  wicks  may  be  suspende^l  from  the  boolu  by  naeatu  cl* 
loop  of  cotton  thread  tied  to  them  :  but  a  more  eouvemenl  plui 
is  to  double  the  \\'ick,  stringing  the  series  <ivf  r  a  rocJ  as  iiiiliaSfft 
in  Fig.  9L  The  rod  with  the  dependent  wicks  is  then  dipped 
by  hand  into  a  trough  of  nielte<l  tallow  and  hung  up  on  amk 
or  otherwise  supported  until  the  tallow  is  sufficiently  net  tn 
permit  of  another  dipping  ;  or  a  series  of  rods  are  attiwhecl  side  by 
side  to  a  frame  supiMnrted  l»y  conb  and  attached  to  an  h  dinbqrfk 
wheel,  &c.  In  uitler  to  impregnate  the  wicks  with  tallow  in  tb* 
first  instance  and  to  get  them  all  <«f  the  right  length,  the  wick  ii 
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a  .seric: 


Fig.  **1. 


unwound  frcmi  a  ImAiI)!!!,  atul  wound  rnund  a  square  frame  t«f 
suitable  size  so  jls  to  furm  a  Mirt  of  loose  covering;  this  is  tli^n 
dipped  IxKhly  in  hot  tallow  t(>  wit [i in  an  inch  or  so  of  the  tup 
of  the  frame,  so  as  to  till  up  all  I  he  |MjreK  in  the  immersied 
portion  of  the  wicking:  the  eniiie  row  of  strands  at  the  lK>tlora 
of  the  frame  is  then  cut  through  with  a  knife,  and  the  ditfeT«fit 
doubled  wicks  separateil,  .iiid  strung  on  die  rods  as  indicated. 

Another  uioiie  of  proeee<ling,  formerly  much  used  in  the  XuTZ'f* 
dii*ping  e8tai>lishnient<i,  is  to  have  I  he  cauldron  of  melted  tallMU 
movable,  so  as  to  {.uxss  in  succession  leneath  each  one  o(*  a  ^tv:^ 
of  frames.      Fig.  02  represents  the  section  of  an  arnuvgemenr  of 
the  kind  :  the  two  frames,  1>  D,  fu'e  c<*nnectcd  by  a  coni  j^aii-^nv^* 
over  pulleys  supported  by  a  heam  an<J  posts,  so  that  one  ajuiilit 
poises  the  i>Lber  ;  by  pulling  the  corcls,  E  E,  the  one  or  the  oilier 
can  Ih?  made  U*  descend.     A  ii umber  of  tbese  pairs  of  frames  ar 
arranged  sitle  by  side  (Fig,  9*1)  the  caukJron  of  tallow*  (kept  fluii 
by  means  of  a  brazier)  running  on  a  railway  down  one  sidefif  tb< 
row  tuid  up  the  otber,  so  that  each  one  ot'tbe  frames  is  dip[>efl 
regular  rotation.     A  sort  of  mechanical    wijer  is  convenieui 
connected  with  the  cauldron,  ho  that  by  mo\  ing  a  lever  after  th( 
candleK  have  emerged  from  the  molten  tallow  the  ilrops  of  melt 
grease  that  run  down  to  tbe  Ijotionis  are  renioveth      When  wrlM 
shape  1 1  can<lles  are  retjuired,  the  irregularities  may  be  jtjin'Otbi'di 
dowti   by  piilljiijcf  efU'b  candle  in  succession   by  hand  through 
series  of  holes  iji  a  drawplate  (graded  in  diameter,  the  nwiiV 


I>JP   CANDLES, 


d»S 


eing  the  size  ultimately  I'^nuiretl)  so  iis  to  jstrip  off  a  portion  of 
lie  outer  cnatiufr,  le.iviivg  the  retiininder  fiiirly  eylindricjiL 

A  peculiar  imKtitii-atitm  of  the  dippiti;^  process  is  sometimes 

bractise^l :  the  wiclcH  are  flip|»ofl  in  hot  mdtefl  tallow  an  usual  to 

|l  up  pjres;  instead  of  applyin*:  the  outer  toatiiif^s  by  suceessivo 

bings  of  the  treated  wicks,  tliin   steel   rods  are  dipped  in  the 

;  when  the  candles  are  of  the  re/piisite  tliicknens  they  are 

conipletely,  and  the  steel  coren  extracted  ;  the  wicks  are 

passed   through  instead,  and  fastened  in  positimx  by  a  fnw 


Fig.  9± 
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drops  of  melted  tidlow,  A  similar  device  is  also  employed  in  the 
manufacture  of  eertain  kinds  of  ni^lit  lijirhts  (i///W/),  except  that 
the  wicklcHi*  hollow  candles  are  made  hy  easting  instead  of 
dipping. 

At  the  present  day*  although  the  manufacture  of  flip  can<lle» 

Qarle  of  uosajw^oifiefl  taUow  is  Ijy  no  means  extioct  {there  heing 

till  some  eonsitlerahle  demand,  especially  in  country  flistriets), 

thf*  ijuantity  marui  fact  u  red  is  much  less  than  that  of*'  moulded  ^* 

candles,     mostly     prepiretl     from    solkl     fatty    acids    {.Mfwalled 

'stearine")  ttnd  panittiti  wax,  hut  scunetimes  from  unsaponified 
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&iee  laity  adds  acid  Mil 

iUs),      Tallow    candle*,  wl(» 

Ta|K>iLr,  due  to  the  decximpuQ^ 

ciC  tbe  siuoulrieriu^  mick^  with 

K  together  with  ihk 

*^gvtteriiig,**    tbe  neceeviily  *<* 

to  emit  smioke  and  give  a  \m 

mud  parmlBn  candles,  hais  cmuid 

iT^lj   into   disuse,   especiiDx 

oi  IIm  wick  employed  in  a  candle  ti 
*  ~  '  il  biira%  and  cxmsequeutly 
ti^  «ld  fcAiowed  tallow  dip  candle,  tbid[ 
asw  liill  aaed ;  tliese  do  not  tbr>n>u^l^ 
^smLfiers"*  are  rfMjoihiie  m 
[■MOiddf  liiii^'  cotton,  otherwise  mudi 
ftame  produced  By  mrioolj 
kave  been  made  to  give  to  sadi] 
» a  tfaencT  to  bend  OQtwards  in  tbe  flames  so  m 
witii  the  air  and  oottsnme  sponcaneotisly 
*  to  atSaijB  the  saiae  end  by  incorporating  a  thin 
Fahner  s  **  metallic  wick  *'  wn 
wbere  a  thread  impregnated  with  |M)\»dei 
up  with  a  number  of  others  of  urdinin 
fihfea  by  wiadiag  one  round  the  bunch  ;  when  burnt,  tbr 
biwaalh  fonned  a  minute  giobvile  at  the  end  of  the  wick,  tbr 
t  of  whi^  tended  to  chaw  tbe  wick  outwiirds  ;  sf*  thaU 

I  burnt  away,  and  the  bismuth  volatili*.ed|] 
or  was  olherwisa  dinipated  by  combustion.  De  Milly  attem] 
to  gain  the  aune  result  by  impre^iatin^  the  wirks  with  \jo\ 
mMud  phosphoric  acids,  m.,  so  as  to  form  a  globule  of  fused 
mineral  matter.  All  such  devices,  however^  have  Ijeen  super 
aeded  tor  the  better  classes  of  candle  by  the  use  of  Hat  plaited  <ir 
**  braided  **  wicks  (first  introduced  by  Cambaceres),  where  tb*- 
mode  of  construction  imparts  a  natural  tendency  to  beml 
outwards.  The  precise  mode  of  plaiting  adopted  c«^»n«idcraUjh 
modifies  the  way  in  which  the  wick  burns,  one  kind  of  hraidii 
being  better  suited  than  anotiier  for  certain  kinds  of  conihusti: 
matter ;  thus,  parafiin  windles  require  a  wick  nioi^  tighi 
braided  than  is  requisite  for  ste^irine  candle^  whilst  I 
wicks  art*  used  for  wax  and  sj»erm  candle^s.  As  a  ruli%  dif 
plaiting  of  the  wicks  is  not  carried  out  in  the  candle  fncU^ry,  but 
by  spinners  making  a  speciiility  of  this  piirticular  line,  aft'i 
delivering  the  hmids  in  hanks  **f  convenient  size  ;  tin*  0101*111110 
used  much  r*\senilile  those  employe<l  in  the  manufacture  of 
onliniiry  hraids. 

Wick  Fiekling. — rSeffH-e  conversion  into  candles,  the  wicJcv 
are  Boak«-*d  or  '^ pickled  "  in  a  suitable  saline  solution  for 
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lours;  tbey  are  then  drained  luid  finiilly  wruiij;;  tmt  by  means  of  a 
i^pidly  rotating  centrifugal  nifieliine  so  ils  ex]>el  almost  the  whole 
"the  fluid  without  twisting  the  threarlH  in  any  way,  and  finally 
pang  up  to  dry  in  a  room  heated  by  steain  pipes.  The  ulijectof 
oe  piekliiig  is,  on  the  one  hand,  to  counteract  the  accumulation 
'  mineml  matter  or  "ash  ''  in  the  wick  an  it  burnn,  and  on  the 
ther,  to  prevent  the  too  rapid  Imrning  away  of  the  wick  fibres 
**fore  the  due  (juantity  nf  melted  fatt}^  naatter  has  passed  along 
lem  and  been  consunierl  in  the  flame.  The  choice  of  the  [»arti- 
solutions  employed  antl  their  strenjijths  is  usually  regarded 
tirade  secret,  each  manufacturer  havin;^  liis  mvn  views  on  the 
abject  to  w^hicb  experience  has  guided  him  ;  solutions  varying 
ora  1  to  5  per  cent,  of  saline  matter  in  strength  have  been 
commendetl,  such  as  l>urax  (alone,  or  acidulated  with  a  minute 
|Uantity  of  sulphuric  acid),  salaminoniae,  sjiltpetre,  ]>hospbate  of 
ni  muni  urn,  or  mixtures  of  such  vsalts  ;  althoiigli  only  very  minute 
|uantitie^  of  saline  matters  ultimately  remain  iu  the  dried  wieks, 
jet  the  effect  thereby  produced  on  the  way  in  which  the  caudle 
'l>ums  in  often  very  marked. 


MOULDED  CANDLES. 

The  art  of  mnuldijig  candles,  instead  of  dipping  them,  is  due 
to  the  8ieur  de  Brez  in  the  fifteenth  century;  but  excepting  for 

iJie  employment  of  ihi.s  methorl  in  the  manufacture  of  spermaceti 
sandles  in  the  latter  part  of  the  last  century,  hut  little  fulvanee 
ras  raiide  in   this  direction  until  the  intniduetiMii  of  **  stearine  " 
solid  free  fatty  acids)  as  candle  material  insteittl  of  tallow,  and 
lie  aubsei[uent  employment  *jf  ]>araflin  wax  tor  the  same  purposes 
i  little  after  the  midtlle  of  the   present  century.     The  earlier 
moulding  machines  were  «o<'alled  ''hand  frames'*  (still  in  use  for 
^mall  operations  and  special  sixes  for  which  only  a  small  tlemand 
^Bexists)  containing  a  series  of  pewter  mouhls    with    removable 
^Rnouth pieces^    Fig.    94,    depending   downwards    from    a   shallow 
iruugh,  Fig.   05,  ttie   top  end    being   lowest  and   the  butt  end 
uppermost.     By  means  of  a   wire  with  a  hook  at  the  end  the 
wick  was  liaoked  through  a  narrow  orifice  at  the  c<">nical  lowest 
^^end  of  the  mould  and  brought  upwanis,  and   finally  fixed  to  u 
^Bl^ire  hook,  «,  by  means  of  a  knot  on  the  wick,  or  prefer-ably  a 
^^ittle  h>i>ji  of  cotton  thread  tied  to  the  w  lek  ;  so  that  by  gently 
pulling  the  wick   downwards  at  the  bottom  ami  fixing  it  with 
a  peg,   it  wiw   stretche<i    in   the  axis   of   the  cylindrical   mould 
(  Fig.  96) ;  or  instenil  of  a  removalde  mouthpiece  carrying  a  fiook 
like  «,  a  .short  piece  of  wire  wjis  passed  through  the  loop  ami 
aUowe*l  t4i  rest  in  a  toujile  of  shallow  notches  opjxiKiti]  to  one 
another  in  the  up[>er  rim  of  the  niouliij  ,S(»  that  the  wick  depended 
axially   therefrom.       Figs.    97   and    IIH    represent    an    improved 
modification  of  this  arrangement,    where,   instc^ad   rtf  having  a 
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separate  wire  f>r  each  candle,  a  whole 

taji^ously   Huppniteil    l*y    li   single    ivkI, 

drawn  when  the  oandles  are  extritiated 

oofjling.     The   use  uf  this   rod  i^enenillj 

mark  or  gniove  at   tlie  base  of  the   tiiii; 

hand  made  article  can  be 

readily  recognised.      The 

tnoiilda   being    somt^what 

warmed  ho  as  not  to  chill 

the   candle    material    too 

quickly,  the  molten  sub- 
stance is  poured  into  the 

trough  so  as  to  fill  all  the 

moulds,  anil  also  part  of 

the   trough  to    allow   for 

shrinkage ;    the  whole   in 

then  set  by  to  coc»1»  and 

when  the  candles  are  suf* 

ficiently  set,  the  contents 

of  the  trough  are  8C*^*opecl 
'       i)ut  with   a  trowel.      Pre- 

tei*ably,  the  frame  carry- 
I  ing  the  series  of  moulds  is 
^^iltimerse<^]  in  a  water  tank 
^TK>  as  to  facilitate  the  ehilb 

i ng,  th e  te m pe rat u  re  i  if  the 

water  varying  with  tlie 
I  nature  of  the  material 
^^^ged  and  the  dimensiooB 
^■if  the  candles  moulded ;  it 
^^jeing    usually    necessary 

that  the  solidification 
I  should  go  on  at  a  par- 
ticular rate,   otherwise    a 

cry stflil line  structure  may 
L  be  developeti  by  toi)  slow 
^y^Ooling,  injuring  the  ap- 
Hqtearance  of  the  candle,  or 
p  cracking  may  t»ccur  witli 
^      too  rapid  chilling.     When 

the  candles  are  completely 

set,  the  frame  is  removed 

from  the  water,   and   the 

candles  extricated  bv  re- 


Fig.  99, 


moving  the  pegs  and  inverting  the  frame,  when  they  mostly 
fall  out  of  themselves  owing  to  the  moulds  being  slightly  conical- 
if  sticking  occur,  gently  tapping  the  mould  generally  suffices  to 
diftlodge  the  caudle.  Including  "threading " — {,e. , setting  the  wick 
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,  hj  hftiid  (bj  p— ring  it  through  the  lower  oriEce  lod  ^ 
by  iBittHis  of  a  wirf?)-^filling,  and  emptyinfj 
only  be  worked  off  about  once  in  an  hour, 
freqiientlj.      In  the  later  **  crmtinuous ' 
,  tbfee  Hmes  this  spe^d  is  attained,  much  1 
J  flftv«d  by  m  deviee  whereby  the  wick  is  passed  continuond 
«t  statcvi  lAterrmls  through  the  mould,  a  candle  lieing  cast  at  ( 
pmod.  mmd  whe&  set^  lifted  upwards  so  as  to  draw  the  wick  into 
fttjitioa  i>r  tht  next  moulding,  so  that  a  string  of  candlfii^  qoa 
'  tbe  odinv  >s  CASt  around  each  wick. 
F%.  M  t^fiwsicnts  Rojan's  form  of  continuotts  wick  niouldiq 
"lis  Germany  (Schadler) ;  as  each  batch  of  < 

\  sufficiently  hard,  they  are  lifted  upwards  o«t 


ff 


Fig.  100. 

of  the  moulds  by  means  of  a  rack  and  pinion  wliich  elevat4 
piatforra  to  the  under  side  of  which  the  wicks  are  fiistened  byj 
series  of  clips  ;   in  this  way  the  wicks  are  always    kept  genlj 
stretched  along  the  axes  <»f  the  moulds  ;  several  successive  lid 
of  candles  are  thus  mriulde>d  without  alt'ering  the  attachmeui 
When  the  pLitfiirm  reaches  its  highest  elevation  the  wicks  ; 
severed  IjcIow  the  lowest  tier,  and  the  strings  of  candles  remo 
from  the  clips  that  suppurt  them  ;  the  platform  is  tlien  loi 
and  the  wick  ends  aftLxeti  to  the  clips,  and  the  operations  com* 

me  need  afresh,  

Fig.  100  represents  "  Camp's  moulding  wheel/*  a  combination  I 
the  principle  of  tlie  ^' Edinlnirgb  wheel'  used  for  dipping  candlt 
with  this  ^^continuous"  moulding  action;  this  arrangement  haat 
somewhat  extensively  used  in  America  (Christiani).     A  revolviB 
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irizonUli  wheel,  B,  is  supported  by  iron  rods,  O  0  O,  and  turns 

piv^it^  C,  atUiched  to  tlie  roof.     A  series  of  raoulditiji;  frames, 

A  A,  are  supported  by  the  wheel,  regularly  arranged  radiating 

itn  the  centre  ;  the  troughs,  h  h,  b  h^  surrounding  these  can  )>o 

led  -with  water  heated  to  any  required  temperature  hy  means 

steain  pipes,  itr  if  need  l>e  ecMilerl  with  ice.     Just  helow  the 

\ps  of  the  mouhls  are  the  rows  tif  hoht>ins  «>f  wick,  the  ends  of 

rliicb,  to  begin  witli,  are  drawn  upwarrls  by  Iian<l  and  adjusted 

the  axes  of  the  moulds.     When  all  the  moulds  nre  ready  the 

charge  valve,   P,  of  a  tank  of  melted  candle  material,  M,  is 

ned  so  us  to  i\U  one  of  the  mould  frann^a  in  position  under- 

h  ;   the  wheel  is  then  pushed  round   until  the  next  numld 

le  in  in  position  under  the  spout,  when  this  is  similarly  HI  led  ; 

d  so  on  with  all  in  turn.     By  tlje  tbne  the  last  frame  is  filled 

e  first  will  have  cooled  suthcieutly  to  enable  the  candles  to  be 

utiously   withdrawn   and    laid   river  in   grcmves  cut  for  their 

pport  in  the  letlges  of  the  frame  ;  as  this  in  done  the  wicks 

drawn  upwards,  so  that  the  moulds  are  threaded  ready  for 

e  next  filling.     The  moulci  frame  thus  emptied  is  refille<l  with 

melted  candle  material  ;  and  similarly  with  the  next,  so  that  the 

wheel  is  revolve* I  a  second  time,  each  mould  frame  being  filled 

in  succession  as  V»efore  ;  when  all  the  frames  are  filled  the  candles^ 

lying  over  in  the  grooves  (by  this  time  ]>erfectly 

"lard  and  vsolid)  are  cut  otf  and  removed,  and  these 

ow    filling  the  moulds  ure  pulleil    upwaixls   and 

made  t<»  take  their  f»lace. 

I     The   moulding  insLchines   iji   use   at  the  present 
day  in  the  larger  factories  are  mostly  eonstructed 
ha    the   ** piston"   principle,    whei-eby    the   candles 
■rhen    sufficiently    set    ai-e    raeelianically    expelled 
vom   the  niutilds  by  means  of  a  series  of  pistims 
pfniug  up  therein  and  lifting  the  candles  out.      Fig, 
101  represents  the  general  mode  of  action^  identical 
in    principle    with    that    of  an    ordinary    ^*  lifting 
ump*'    without    the    valve,    excepting    that    tlte 
liston-rcKl  is  below  instead  of  abo\e  ;  the  piston  is 
oHowe*!  conical ly  so  as  to  form  the  mould  of  the 
ciiuidle  tip ;  the  wick  passes  upwards  through  the 
ubular  piston-rc^d.     A  series  of  moulds  is  armnged 
a  convenient  frame  or  trough  into  which  water 
n  be  run  heated  by  means  of  steam^  or  artificially 
iletl  as  may   Ije  requisite  according  to  the  teni- 
lierature  at  wliich  the  moulds  are  to  l>e  kept,  which 
vdiries  with  the  nature  of  the  candle  material. 

Fig.  \0'2  represents  a  moulding  machine  containing  two  such 
troughs  arranged  paniUel,  each  ctmlaming  a  double  row  of 
iDouldH  set  in  a  suitable  fj*ame  with  the  piston-n>ils  all  tlepressed ; 
this  is  effected    by  connecting  them   all    to    a  In^nzontal  shelf 
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Fig.  101. 
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(driving  plate)  capable  of  being  raised  or  lowered  at  wiU  by 

means  tif  a  handle  working  a  pinivni  gearing  int4j  a  rack  ;  as  the 
shelf  iH  raiser!  the  four  row.s  of  eainiles  are  .simultaneously  Ul^«d 
upward   by  the  ascerU  i>f  the  pistons.      As  they  rise  tliej  pi 
thruiigh  four  series  tif  groiived  jaws  t»r  *' Jiipperii  *'  slightly  oj.ieri 
at  the  suuiiiiit  «>f  tlie  elevatirni  tbese  jaws  close,  gently  gr^k»pin^ 
and  supjiMirting  the  eaadtes,  the  grrioves  heirrg  lined  with  felt  or 
preferably  India  rubber.     Thf  hamile  is*  then  turned  the  revei 
way  HO  as  todej»re,sa  tlie  pistons  to  the  lower  ends  of  the  moulds 
the  wick«  attached  at  the   upj^er  ends  to  the   rows  of  candl( 
supported  hy  the  nippers  are  consefjtiently  «tretcherl  in  the  ax* 
4>f  the  niMuldR,  having  been  tin  won  nil  from  the  b<>bl>ins  beneai 
ilurinLT  the  asre  it  of  the  candles. 


To  coinmence  operations,  each  wick  is  hoi>ke<l  up  by  ineaiu  af 
a  wire  through  the  hollow  pi^ton-nxi  and  fixeil  in  the  axis  of  the 
n^oukl,  as  in  the  hand  frame ;  melteil  candle  material  is  then 
|M>ured  into  the  moulds^  and  when  net  the  candles  are  lifted  out 
(by  raising  the  |ti8t*>nH)  and  held  by  the  nippers,  the  wicks  lieing 
thus  puHetl   upwArds   into  pOvsition   fur   the   next  ciisting ;   the 
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'pistons  are  then  depressed,  sliding  over  the  wicks  as  they 
descend;  the  tempenUure  oi  th«  water  trough  in  adjusted  Lf 
requisite,  and  a  new  Imtch  uf  ejuiriles  cast  by  pouring  in  more 
melted  candle  material.  When  this  hiia  set  sufficiently  to  keep 
the  wick  in  its  central  |M*Hitiua  without  extraneous  aid,  the  upper 
rows  of  candles  held  by  the  nijtpers  are  detached  by  cutting 
through  the  wicks  ;  tlie  iupj>er.s  hrJding  the  candles  are  then 
opened  and  the  candles  extracteih   oi\  preferalily,  are  lifted  oflF 

being  detachable)  and  emptied  on  to  a  tabk%  dre.     The  nipj>en! 

re  then  rej)laced  and  the  process  repeated  until  the  wick  bobbins 
are  exhausted. 

The  lengths  of  the  candles  thus  moulded  in  a  given  set  of 
cyUnders  can  be  regulated  at  will  by  simply  raising  the  tlriving 

late  by  means  of  set  screws,  so  tis  to  shorten  the  distance 
tween  eacli  pistcin  and  the  top  of  the  corresi>nntIiiig  mould,  and 
thus  form  a  shorter  candle  ;  or  rice  vernt  When  tlie  liutt  ends 
of  the  candies  are  required  to  be  conical  (so  as,  to  fit  into  any 
sized  stick),  a  special  kind  of  cutting  machine  is  empluyed  to 

thave  down  the  ends.  If  the  cone  is  to  Ije  of  greater  tiiameter  at 
its  base  than  the  rest  of  the  candle,  a  special  moditication  uf  the 
mould  is  employed  (infrn). 

The  chief  skill  re^juired  iu  working  the  candle  niuukling 
machine  lies  in  properly  regulating  the  tenjperature,  tfje  mofhiH 
yOj^rnndi  varying  in  tins  respect  with  the  material.  With  pure 
fttearine  (i.e.,  solid  fatty  acids  with  .  just  enough  paraihn  wax, 
beeswax,  or  vegetable  w^ax,  or  otlier  similar  materiul  to  '*  break 
the  grain,'*  and  prevent  or  diminish  crystallinity},  the  mtmlds 
are  kept  at  a  temperature  slightly  l>eh>w  the  setting  point  of  the 
candle  material,  which  is  poured  in  on  the  point  ot  congealingj 
Tfk'ell  stirred  so  as  to  tV»rm  a  gruel-like  mass.  The  workinan 
^^enerally  judges  the  temperature  by  simply  putting  his  hand  into 

he  water  trough  surnninding  the  moulds,  cooling  it  by  running 

1  a  little  cold  water  if  reipiisite,  c^r  r?€«  vfrsi}.     With  paraffin 
ax,  on  the  other  hand,  the  moulds  must  Ije  heated  by  hot  water 

r  steam  w^elhaliove  the  melting  pant  of  the  wax  (usually  up  to 
\^(f  to  85°,  or  al>jut  170°  F/),  wlnlst  the  wax  also  should  be  Judter 

lian  its  fusing  jKiirit;  when  the  moulds  are  filled,  the  surrounding 
|Tjot  wat«r  is  run  otf  and  cold  water  run  in  instead,  whereby  the 
material  is  quickly  chilled,  and  the  jn^culiar  translucency  and 
i^lustre  desireii  is  attained.  In  certain  cases  this  effect  is 
eightenecl  V>y  alternately  admitting  hot  ajul  c<:ild  water  into 
the  water  Ik>x,  the  precise  mode  of  operating  varying  somewhat 
according  as  paraffin  scale  of  relatively  low  melting  point  is  used, 
or  harder  paraffin  (cerasin,  ozokerite,  iVc.)of  liigher  melting  point, 

with  or  without  the  addition  of  a  few  per  cents,  of  stearic  acid, 
either  for  the  purpose  of  serving  as  vehicle  for  colour  (p.  405),  nr 
%^^  prevent  the  tendency  to  sot\en  and  liend  often  shown  by  pure 

paraffin  candles,  even   at  temperatures  considerably  below  the 

26 
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fiising  point.  In  some  eases,  where  mixed  materials  ai-^ 
with  stearine  in  larger  quantity^  intennediaie  temperatures  are 
employed  for  the  water  Ik>x.  In  Britain,  paratHa  candles  liave 
lai'gely  driven  fatty  *acid  candles  out  of  the  market  on  account  of 
their  greater  cheapness,  but  this  is  not  so  much  the  case  on  the 
(Continent. 

Moulded  fttiftfiv  cantllea  were  formerly  somewhat  largely 
employed^  but  latterly  have  mostly  ^one  out  of  use  along  with 
dips  on  account  of  the  objections  to  glyeerides  as  combustible 
matter  (p.  394).  The  same  remark  also  largely  applies  to 
**  composite s,"  or  iiiixtures  of  fi'ee  fatty  acids  and  glycerides, 
except  for  night  lights  (p.  40G). 

Spermaceti  candles  are  usually  moulded  in  much  the  same 
way  as  paraffin  wax  candles,  the  material  l>eing  heateil  above  its 
melting  point  an*l  run  into  hot  mtjukls,  which  are  then  rapidly 
chilled  by  means  of  cold  water.  During  the  latter  part  of  the 
last  century  and  the  earlier  poHion  of  the  present  one  they  were 
in  scjme*  considerable  .iindunt  of  use  by  the  wealthier  classes*; 
but  like  wax  candles,  their  use  is  but  small  nowadays  as  com- 
I>ared  with  candles  of  "stearine*'  and  pai-affin  wax.  Wi  " 
properly  adjusted  wicks  they  burn  Avith  considerable  regularitj 
and  brightness,  and  are  aecoi*dingly  selected  as  the  practie 
standard  for  photometric  oltservations ;  a  **stamlard  eandlel 
lieing  one  burning  I'JO  graius  of  s]>r*iinaceti  \>eT  hoar. 

For  certain  special  fonns  of  candle  jmrlicular  nit Klificat ions  \ 
the  numlding  machine  are  requisite  ;  thus  stearin 
candles^  especially  on  the  Continent,  are  oft^en  ca 
with  kmgitudinal  internal  s juices  or  tul»es,  whic 
tend  to  prevent  "guttering"  whilst  liurniii 
Spiral  exteriors  are  also  much  m  lavour;  fumierl 
these  were  njatie  by  lathing  cylindrical  candid 
cast  in  the  ordinary  moulds  ;  but  in  the  mci 
recent  tnachines  the  pistons  are  made  to  a.^cMi 
by  a  screw  motinii,  the  mouhls  themselves  Ihsjk 
correspondingly  groovcil,  so  that  the  candles 
screwed  out  of  the  moulds.  For  **  self-filting^ 
butt  ends  (Fig.  103),  %vhere  the  thickest  portio 
of  the  conical  part  is  of  greater  diameter  than  th 
rest  rif  the  caudle,  the  imme  above  tiescribed 
reijuires  modification.  Fig.  104  represents  a 
machine  for  moulding  self-fitting  butt  end  can  dice, 
const ructeil  by  E.  Cowles,  of  Hounslow,  where  th6, 
Imtts  are  shnf»ed  by  a  separate  series  of  mould 
fitting  on  the  top  of  the  cylindi'ical  moulds,  and  ultimately  VitU 
«tff  from  the  conical  candle  entls  by  meaus  of  the  chain,  the  i:^iid(c 
l>eing  then  raised  by  the  piston  and  held  in  removable  nippiD 
frames  in  the  usual  way.  This  armngement  does  not  permit  oft' 
wick  being  run  continuously  j  after  each  iKitch  of  candles  is  ca 
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the  wtck«  wast  be  ^%'eretl,  anil  after  removal  of  the  mrr  , 
fimtn*^  Add  e«iiclle»  the  Uutt  tiiouUi  lnwerr!<^l  int<i  positinu 
«^iek  ts  tbcti  biHiJced  up  thn>U£:h  it^  apprnprUte  hutt  maiiiri  and 
elAmpcn!  centrmllj  in  the  axis  of  ihe  iiioulil  ho  as  to  be  rwwij  fof 
iJte  next  laMiUii^,  *th\»  involves  much  Iniuble  and  delar,  l«9id» 
causiBg  Uie  irastc  of  a  short  lent^th  of  Wick  at  each  (auidk  eocl 


Fig.  ior». 

The^e  objections  are  obviated  by  tnakinj;  tlie  Ijuit  eiul  moult 
in  two  halves,  separable  from  one  am»ther  at  wi  11^  so  as  to  [lerniH 
of  the  eandlef^  rising  upwanls  when  the  lialf-tiHiulds  are  a[iart*  hit 
tightly  cloaintj  tovrether  a»ul  littin;^  accurately  on  the  tops  of  th 
piston  moulds  when  reijuired  ;  the  ofjerung  and  »>hutting  is  J*inipl| 
effected  by  the  motion  to  or  fro  of  a  sejjarate  handle.  When  \' 
moulds  are  closed,  the  melted  candle  maiteritd  in  pourefl  in  ; 
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netting,  this  handle  is  moved  l>ack  ho  as  to  open  the  butt  moulds  ; 
the  main  handle  fwctuating  the  pistons  is  then  moved  so  as  to 
raise  the  candles  intro  the  nippiog  frame  ;  tlie  pistons  are  then 
lowered^  the  butt  monlcls  closed,  and  a  new  casting  proceeded 
with. 

Fig,  105  represents  a  ^' turnover^*  machine,  swinging  on  trun- 
nions, so  that  when  a  hard  candle  maierial  lias  been  run  into 
the  moulds  and  has  partly  solid ifietl  round  the  sides^  the  machine 
can  Ix?  tipped  cjver  so  as  to  allow  the  still  liquid  portion  of  the 
tnatenal  in  ihe  centre  of  the  nnmlds  to  run  cmt,  thus  leaving 
hollow  candles  wliicb  are  then  tilled  in  with  softer  material ; 
candles  of  comparatively  easily  fusible  suVwtance  can  thus  be 
prepared  with  an  outer  casing  of  less  fusible  material  which  pre- 
vents the  guttering  tbat  would  otherwise  occur. 

Stearine  candles  are  comparatively  seldom  tinted,  being  gene r- 


Fig,  10(i. 

ally  V>iirnt  unc<jloured  ;  sometimes^  however,  they  arc  tinted 
yellowish  with  gandjoge,  itc.  For  tinted  paraJhn  canflles,  how^- 
ever,  a  c^jusiderable  demand  exists.  Ffirmerly  the  candle 
material  was  coloured  l>y  incorporating  a  small  quantity  of  very 
finely  ground  pigment;  btit  this  is  now^  never  <lone  if  it  can  be 
Hvoi^led,  as  the  wick  almost  invariably  becomes  clogged  after 
burning  a  short  time,  so  that  a  smr*ky  less  luminous  flame 
re^^ults.  (_V>altar  clyestiitl's  are  generally  preferred »  as  far  as  pos- 
sihle  free  from  fixed  mineral  constituents;  in  nnniy  casps  these 
will  not  dissolve  in  jmre  parallin  wax  ;  but  by  dissolving  them 
in  fused  stearic  acid,  and  incorporating  a  little  t>f  the  solution 
with  tlie  mekefi  parafliu,  the  latter  can  usually  be  readily  tinted 
any  refpiirod  ilepth  of  shade. 

In  the  case  of  stearine  and  wax  candles,  and  sometimes  with 
I  fither  varieties  also,  an  extra  degree  of  gloss  and  polish  is  some- 
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timea  given  to  the  surface  by  nibbing  and  rolling  tbem  by  buui 
or  between  clotli -cove red  rollers^  kc, ;  seventi  mtichincs  hxn 
been  constructeil  for  tliin  pui-pose.  Fig»  106  indicates  a  MOipb 
arrangement  where  the  candles  are  gradually  pafssed  out  of  the 
tray,  A  (by  means  of  the  grouved  roller,  B)  t»n  to  the  eiulle** 
cloth,  E  D  E  D,  and  rolled  between  the  cloth-oovered  rollers 
G  G  G,  and  the  clotli  ;  thi.^  latter  moves  in  such  a  direction  asi  W 
carry  the  candles  forward  towards  the  tray,  H,  whilst  the  rollenv 
G  G  G,  revolve  in  a  conti'ary  direction  so  as  to  rub  and  poliah 
the  surfaces  of  the  candles.  A  small  circuhir  saw,  G,  trims  \he 
Iwises  of  tlic  candles  as  they  emerge  from  the  tray,  A,  Paraffin 
I'lmdlea  as  a  rule  are  sufficiently  smooth  and  glossy  w^hen  properlv 
mouldefl  without  any  additional  fujliahing. 

Nightlights^^The  use  nf  *'  mortars,"  or  mortuary  candles,  for 
liurning  in  death  chambers,  ttc.^  is  very  ancient,  wax  tapers  beinje 
the  form  usually  employed  until  comparatively  recently,  when 
the  use  of  short  Htumpy  candles  of  peculiar  composition  and 
contest  ruction  became  general  for  burning  at  night  under  sucli 
circumstances  that  whilst  onl}^  a  foeble  illumination  is  requisite, 
the  flame  is  required  to  burn  steadily  and  constantly  for  a  number 
of  hours  together. 

Two  different  fcsrniH  of  "'  night liglits  ''  are  now  chiefly  employ* 
^*ne  set  in  a  case  of  paper,  wood-shaving,  or  sinjilar  material, 
sufficiently  tluid-tight  to  prevent  the  melteti  combustible  material 
from  running  out ;  the  other  cast  into  shape  without  any  sudi 
cfnering.  The  wiek  in  each  case  is  generally  supported  at  the 
base  by  a  **sustainer/'  consisting  either  of  a  little  metal  discwittj 
a  small  central  perforation  through  which  the  wick  passes,  or 
similar  small  plaster  of  IVris  plate,  itc,  the  object  being  to 
)>revent  the  wick  from  falling  over  when  the  light  has  nearlj 
burnt  out  so  that  little  or  no  solid  grease  is  left  to  supjiort  the 
wick.  The  nature  of  the  materials  burnt  varies  cc*usiderablT '. 
for  encased  nightbghts  substances  are  ge  n  e  nil  I  y  chosen  the  fusing 
p(jints  of  which  are  not  extremely  high,  so  that  the  ctxst  is  less; 
while  for  nigbtllghta  of  the  **  pyramid''  kind  without  cas 
sulistiinces  of  comparatively  high  melting  point.s  are  preferable. 

Different  manufacturers  vary  considerably  in  the  way  in  whiA 
their  nightliglits  are  prepared.  In  some  instiinces  the  pastelmardlj 
or  wooden  case  is  simply  filled  up  with  melted  candle  materialj 
from  a  can  after  the  bit  of  wick  and  **sustainer"  are  fixed  itt 
jKisition  Ijy  means  of  a  tlrop  of  melted  grease  applieti  after  thf 
wick  litis  been  passed  upwards  through  a  minute  hole  in  the 
Uittom  of  the  box :  such  nightlight>s  are  generally  placed  in  a 
saucer  of  water  when  burnt.  Others  are  moulded  round  the 
wicks  in  much  the  same  fashion  as  ordinary  longer  candles;  whilst 
others  arc  cast  ^ls  solid  cylinders  of  fatty  matter,  tli rough  the 
ventre  of  which  a  hole  is  perforated;  the  wick  previously  tlireaiied 
t*n  a  little  bit  of  tinfoil,  is  passed  upwards  through  the  p^rfuntioni 
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and  fixed  in  position  sufficiently  securely  by  a  blow  carefully  given 
with  a  peculiar  kind  of  hammer :  these  are  generally  burnt  in 
ginaa  dishes  without  water.  Palmitic  acid  fram  palm  oil,  highly 
pressed  coker  stearine,  and  pressed  tallow  are  the  materials  most 
frequently  employed  as  combustible  matter ;  wicks  of  rush  pith 
peeled  so  that  two  small  strips  of  peel  are  left  adlierent  on  oppo- 
site sides  are  used  for  some,  the  effect  of  the  strips  being  to  turn 
outwards  in  burning,  giving  a  well-shaped  flame. 

Spills  for  lighting  candles,  Jcc,  are  generally  drawn  by  much 
the  same  process  as  that  above  described  for  thin  wax  tapers 
<p.  389),  the  wicks  being  wound  on  a  drum  after  passing  through 
the  melted  composition  and  a  suitable  sized  drawplate.  After 
catting  to  length  the  ends  are  "  feathered  "  by  dipping  into  hot 
water  so  as  to  melt  half  an  inch  or  so  of  composition  and  giving 
a  vigorous  shake  or  jerk  which  dislodges  most  of  the  melted 
materials,  slightly  separating  the  strands  in  so  doing. 

Medicated  Candles. — For  the  purpose  of  impregnating  the 
air  of  sickrooms,  &c.,  with  disinfecting  vapours,  certain  substances 
are  sometimes  intermixed  with  the  candle  material — e.g.,  xodiim 
and  euc€ilyptu8  oil.  In  the  latter  case  the  effect  is  produced  by 
the  volatilisation  of  eucalyptol  from  the  hot  cup  of  melted  grease 
at  the  base  of  the  wick,  that  portion  which  is  burnt  in  the  flame 
being  ineffective ;  with  iodine,  the  free  element  is  evolved  from 
the  flame  itself,  hydriodic  acid,  if  formed,  being  largely  decom- 
posed again  by  the  heat.  Sulphur  *  has  been  used  in  similar 
&shion,  sulphur  dioxide  being  formed  on  combustion. 

*  A  spirit  lamp  charged  with  a  mixture  of  alcohol  and  carhon  disulphide 
affords  a  convenient  means  of  pro<lucing  sulphur  dioxide  for  disinfecting 
chambers,  &c. 


:i*.  FATS.  Waxes,  rr^. 


"if  Soap  Industry. 


\*' 


.S  TEE  XASUFACTURE  OF  SOAP. 


S  -4N:    aLKAL:£>. 


*5 :  r 


ALKALIES.  409 

axiom  that  any  kind  of  greasy  or  oleaginous  matter  can  be  made 
into  soap  of  a  more  or  less  useful  and  valuable  character,  even 
when  fit  for  no  other  applications,  the  coarsest  kind  of  cart  grease 
and  such  like  rough  lubricants  alone  excepted. 

A  certain  amount  of  higher  priced  soaps  (toilet  and  special 
varieties)  is  also  prepared  from  less  coarse  fatty  matters,  in  some 
instances  from  materials  of  the  finest  qualities  ;  but  the  quantity 
of  these  superior  grades  made  bears  only  a  small  proportion  to 
the  total  amount  of  ordinary  coarser  soaps  manufactured  for 
scouring  and  laundry  purposes  (icicle  Chap,  xx.) 

Alkalies. — The  term  of  kali  is  usually  traced  to  the  Arabic 
Al  kali,  a  name  applied  to  a  particular  plant  (a  kind  of  "  glass- 
wort"),  the  ashes  of  which  abound  in  potash,  and  have  conse- 
quently been  used  from  the  earliest  ages,  not  only  for  tlie  manu- 
^ture  of  glass  (whence  the  English  trivial  name),  but  also  for 
laundry  and  detergent  purposes  generally.  The  term  "  potash," 
indeed,  connotes  much  the  same  idea,  being  originally  applied  to 
the  soluble  part  of  woodjishes  dissolved  out  by  water  and  re- 
covered by  boiling  down  the  solution  in  a  pot ;  pearlash  being 
the  same  material  subjected  to  further  purification  so  as  to 
whiten  it.  Even  at  the  present  dny  crude  ashes  from  vegetable 
combustibles  are  often  used  as  a  detergent  without  purification, 
the  earthy  and  calcareous  insoluble  matters  present  serving 
rather  to  aid  scouring  purposes ;  thus,  cigar  ash  furnishes  a 
very  effective  dentifrice.* 

The  difference  in  character  (from  the  soap  boiler's  point  of 
view)  between  the  alkali  contained  in  the  ashes  of  inland  vege- 
tation (potash)  and  that  present  in  marine  plant  ash  (soda), 
appears  to  have  been  known  to  a  consideraV)le  extent  to  the 
alchemists  of  the  earlier  and  middle  ages  of  the  Christian  era ; 
although  the  essential  chemical  differences  between  the  two,  and 
the  practical  identity  of  the  latter  with  the  mineral  product 
ncUran,  were  probably  not  so  clearly  understood.  The  effect  of 
treatment  with  quicklime  so  as  to  render  "mild  alkali"  (car- 
bonate) "quick"  or  "caustic,"  and  the  superior  action  of  the 
quickened  product  on  oleaginous  matters,  so  as  to  form  soap, 
were  also  more  or  less  imperfectly  known  to  them.  At  the  pre- 
^sent  day  the  alkalies  used  in  soapmaking  are  generally  (though 
not  invariably)  used  in  the  caustic  condition  because  of  this  more 
rapid  action ;  but  saponification  can  be  effected  by  carbonated 
alkalies  if  sufficient  time  be  allowed,  or  if  the  action  be  acceler- 
ated by  increased  heat  and  pressure.  In  all  probability  the 
action  of  an  alkaline  carbonate  essentially  consists  in  the  forma- 

*  A  few  years  ago  an  ancient  tomb  was  du:;  up  in  Home  ;  a  quantity  of 

what  appeared  to  be  ashes  were  found  therein,  which  were  appropriated 

\  by  one  of  the  workmen  for  his  wife  to  use  in  washing.     It  subsequently 

'transpired  that  the  ashes  were  the  remains  of  the  Kmperor  Gulba,  who  was 

cremated  some  eighteen  centuries  ago  (Times), 
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ufiicCure  of  alkali,  especially  8i»da,  was  wmj 
with  that  of  soap  ;  but  of  lute  years  it  bai 
to  difisever  the  two  trades,  the'  soapboiler 
or  carbonate  alkali  from  the  alkali 
of  preparing  it  himself  At  one  time  iht 
the  ashes  of  terrestrial  vegetatioii 
>-egetable  alkali'');  but  mineral  potaastoai 
dikvide  (ckiedj  from  the  Stassfurth  deposits)  is  now  largdj 
enpiojed  as  raw  mater lat  being  converted  into  {lotantm 
catmnale  by  the  liDblanc  process*  Similarly,  in  the  earliait 
a|^  soda  (tialnHi)  was  derived  from  saline  effiorescence»  oa  ibe 
soiK,  whence  the  term  **  mineral  alkali  f'  subsequently,  the  ashes 
of  seaweeds  and  marine  plants  furnished  a  cheaper  source  knon 
as  "barilla;''  whilst  latterly,  soda  produced  by  the  method j^ 
Leldanc^  or  by  the  more  recent  "ammonia  process"  for  cmiver  ' 
rocksalt  into  sodium  carbonate,  has  mostly  superseded  all  < 
kinds.  By  either  of  these  pn^ce^ses,  *' soda  ash"  (more  or 
impure  anhydrous  sodium  carbonate)  and  ^^caustic  soda**  (sodii 
hydroxide)  are  preparetl  in  the  solid  state^  the  latter 
usually  put  up  in  airtight  iron  drums  for  transpoit  and  pr 
tion  ;  when  caustic  li«|UQr>  of  a  given  strength  are  requisite,  1 

*  CoDveraion  into  salphai^  by  treat  meat  with  sulphuric  acitl,  and 
<|ii(Mii  heating  of  the  sulphate  with  amaU  coal  and  calcium  carboaatcv 
to  form  alkaUue  carbonate  and  cidcium  sulphido  (as  ^*  black  ath^\ 
by  dissolving  out  the  former  by  meaas  of  water. 
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are  readily  prepared  by  simply  dissolving  a  known  weight  of  the 
solid  caustic  soda  in  a  given  volume  of  water,  and  are  then  ready 
for  use.  When,  however,  sodium  carbonate  or  potassium 
carbonate  is  bought,  before  caustic  Leys  suitable  for  soap  boiling 
can  be  obtained,  the  operation  of  "  causticising "  must  be  gone 
through,  consisting  in  dissolving  the  carbonated  alkali  in  water, 
adding  lime,  and  boiling  up  with  agitation  so  that  the  calcium 
hydroxide  and  alkaline  carbonate  may  react  on  one  another  in 
accordance  with  the  equations — 

Sodimn  Carbonate.  Slaked  Lime.  Caustic  Soda.  Calciani  Carbonate. 

NagCOa  +  CaHaOj  =  2NaOH  M-  CaCOj 

PoUuaiam  Carbonate.        Calcinm  Ilydroxide.       Potassinm  Hydroxide.       Calcium  Carbonate. 
K0CO3  +  CaHyO.,  =  2K0H  4  CaCOg 

Canstioising  Process. — Tn  the  earlier  days  of  soapmaking 
the  causticising  of  the  alkalies  employed  was  generally  effected 
in  the  cold  ;  a  purer  ley  being  thus  obtaine<l  from  crude  "  ashes  " 
^rough  potashes  and  ^^  black  ash ")  than  when  the  whole  was 
Doil^  up  together,  and  then  allowed  to  settle.  At  the  present 
•day  this  method  of  treatment  is  but  seldom  employed  in  this 
country,  although  still  in  use  on  the  Continent.  In  order  to 
carry  it  out  to  the  best  advantage  the  bottom  of  the  vat  is 
covered  with  lumps  of  quicklime,  over  which  water  is  thrown  to 
slake  it ;  5  parts  of  soda  ash  *  for  every  6  of  quicklime  originally 
used  are  then  shovelled  in  on  the  top  as  uniformly  as  possible. 
Another  layer  of  lime  is  then  added,  and  a  second  of  soda  ash, 
equal  in  weight  to  the  lime ;  then  a  third  layer  of  lime,  and  a 
third  of  soda  ash,  equal  to  the  second  layers.  Water,  or  weak 
runnings  from  a  previous  batch,  is  then  gradually  run  on,  and 
the  whole  allowed  to  stand  till  next  day,  when  the  caustic  soda 
ley  formed  is  run  off  through  a  cock  at  the  base  of  the  vat  into 
a  settling  tank.  More  water  is  then  added  and  allowed  to  stand 
as  before,  and  finally  run  off,  giving  a  much  weaker  liquor  either 
mixed  with  the  first,  or  used  for  lixiviating  another  batch.  The 
lime  mud  is  then  stirred  up  with  more  water,  and  the  final  weak 
liquor  thus  obtained  used  to  work  a  new  batch.  Conveniently 
three  (or  even  four)  vats  are  worked  in  series,  exactly  like  black 
ash  lixiviating  tanks;  the  second  liquor  from  No.  2  is  passed 
through  No.  1,  coming  out  of  full  strength,  being  itself  obtained 
as  the  third  liquor  from  No.  3,  which  is  then  exhausted.  No.  3, 
being  refilled,  then  becomes  No.  1  of  a  new  series ;  the  former 
No.  1  becomes  the  second;  and  so  on,  methodically.  Crude 
Leblanc  soda  liquors  are  much  less  frequently  used  now  than 

*  Theoretically,  106  parts  of  NasCOs  are  equivalent  to  56  parts  of  CaO ; 
a  considerable  excess  of  lime,  however,  is  requisite  to  ensure  causticisinff 
in  the  cold.  For  steam  boiling  in  practice  200  parts  of  socla  ash  are  used 
per  100  of  quicklime. 


beiiite  tlie  atumoiiia  soda  process  hud  mode 
ted  alkali,  free  frani  sulphide^  h  t\ 
aah  is  emplojed,  or  Leblanc  8rjd& 
I  die  ^'adla  "  that  separate  on  evaporating  the  a 
1  on  luciiiatiiig  black  ash),  the  [>lant  uned  ecu 
tona  of  flteain  vessel,  such  as  an  uld  bjiler^ 
wilii  am  efficieiii  agitator ;  lumps  of  qtiicklime  are 
{pfiefefablT  placed  on  a  grating  or  enclosed  in  a  £iort  uf 
ke^  liack  iMtfd  lamps  and  ^tonen  when  the  lime  disinte^r&t 
nfci¥iiig)^  attd  the  whole  boiled  up  for  one  or  more  hourt 
Ibe  ofMiitifMt  is  ooinplete,  either  under  pressure  in  a  closed 
(wbemij  a  eonsiderable  saving  of  fuel  and  labour  in  tC 
or  hj  oMaiis  of  wet  steam  in  an  open  pan.  If,  on  the 
hand,  cmde  black  ash  liquors  be  used  (impure  s^idiuni 
Jbc,  dissnlTed  out  from  black  ash  by  water,  containing  si 
owing  to  the  reaction  of  sodium  carbonate  solution  on 
sulphide),  or  the  '*  red  lit^uors  "  obtained  as  mother  liquors, 
the  crude  black  ash  ii<]ur»r  is  evaporated  until  **  salts  "^  (l 
sodium  i^rlMinate)  crystallise  out  during  evaporation,  the 
claing  action  « if  lime  is  conveniently  conjoined  with  the  o: 
action  of  a  current  of  air  blown  into  the  fluid  for  the  pui 
destroying  sulphide  by  conversion  into  thiosulphate,  si 
and  sulnhate  ;  for  which  purpose  a  vessel  is  employed  pi 
at  the  case  with  a  larsre  rose  jet  or  spiral  tube  pie  re 
holes,  or  a  perf«irated  false  bottom^  through  which  the 
steam  are  blown  in  together  so  as  to  keep  the  whole  in 
tion  and  effect  the  causticising  and  oxidation  simultaneouallf^ 
Finally,  the  whole  is  allowed  to  stand  at  rest  awhile,  so  tli 
the  "  lime  mud  '*  (calcium  carbonate,  kc.)  may  settle, 
clear  caustic  alkali  solution  run  ofif  or  pumped  into 
storage.  These  are  generally  made  of  lx>iler  plate  ri< 
together  (Fig.  107).     When  intended  to  hold  ley  for  toilet 

Dussauce  recommends  that 
should  be  lined  with  sheet  leadti 
prevent  possible  disco loratioa  rf 
Hoap  through  contact  of  the  kf 
\\  ith  iron. 

In    order  to  causticise  the 
Ixmate    thoroughly    an    exe^s 
lime   is  desirable  ;   tlie  rcmaim 
caustic    lime   in  tbe    lime  mud,  il 
of  sutBcient  quantity  to  be  wortk 
saving,  may  be  utilised  by  lioilii 
up   again   with    a   fresh    b«tch 
carlKinated  liquors  ;  after  allowi] 
to   setik'j    the    clear    liquor    is    pumped    off    to    another 
wliere   the  causticising  is  finished  with  another  batch  of 
lime,  the  mud    from   wliich  operation   is  again  boiled  op  wjtl 


I  carbonated  liqDor,  mad  9o  oa  eonxinUvHt^Iy  mltertMit^'Iw  TW 
ne  mod  remhiiig  firaoi  the  scoMid  ti^MOawtit  with  cttAkUua«d 
^Qon  usvallj  fnntain^  too  little  cmustie  lime  to  be  wxwth  u^sanjf^ 
third  time ;  bat  by  boiling  up  with  wmter  the  adhering  s^idm 
Jation  is  mostlj  washed  out,  and  a  m-eak  ley  obtaineii  uiili;»d 
"ber  to  dissolve  more  carbonated  alkali,  i^  ^^  i>iher  pur|Hwecs 
I  the  facti>rT.* 

fo  CAOsticise  sodium  carbonate  solutitm  ihon>ughh\  tlie  liquor 
St  not  be  too  strong,  otherwise  a  consiileraUe  ix^rtiiui  i^  the 
iline  carhr^nate  escapes  the  causticising  action  iU  the  lime  ;  im 
tliel  other  hand,  when  the  leys  are  made  t<K>  weak«  the  quantity  of 
MitI  subsequently  requisite  for  **  salting  out  **  the  soap  ^Cha|v  xx.) 
is  iDlcreased.    When  the  open  pan  system  is  adopted,  a  sutHciently 
eoin|c>lete  degree  of  causticising  is  generally  effect ihI  bv   using 
liquovrs  of  such  strengths  that  the  ley  iinailly  obtaiiuHi  ha>t  a 
flpeciiEc  gravity  not  exceeding  about  1075  to  1*10  {\y  to  20'  Tw.), 
aliholugh  slightly  higher  strengths,  up  to  s^Hvitio  gnw ity  1*11  or 
l'12fS  (22"*  to  25'  Tw.),  are  sometimes  made  ;  bv  oaustioising 
undeir  pressure,  considerably  stronger  leys  may  U^   offivtively 
preppred,  provided  that  the  subsidence  of  the  limo  mud  and  t\w 
roxuliing  off  of  the  clear  ley  is  still  effiH^t.nl   under   iho   sjuuo 
sure  ;  thus,  with  a  pressure  of  50  U>s,  per  squaiv  inch,  onustio 
lejsf  up  to  specific  gravity  1*16  to  1*20  (32*  to  40^  Tw.)  may  Iw 
lily  prepared,  provided  this  precaution  is  adopted  ;  othorwiao 
the  ire  verse  action  goes  on,  caustic  sotla  rvacting  on   cnloium 
carlxbnate  so  as  to  reproduce  sodium  carbonate  (l^irnoll).     When 
morel  concentrated   leys   are   required,   they  are    obtaimnl    by 
quickUy  boiling  down  with  as  little   access  of  air  as  possible ; 
weakc^r  leys  are  got  by  diluting  stronger  ones  with  wator,  or 
with  jbhe  very  weak  liquors  obtained  by  "  washing "   the  liiuo 
mud  Hefb  after  running  off  the  caustic  liquor — i.e.,  by  adding 
water  '.to  the  mud,  boiling  up,  allowing   to  settle,  running  off 
the  weak  ley  thus  obtained,  and  repeating  the  operation  so  as  to 
obtain   another   l)atch  of  still   weaker  .washings.      Tlii)   storage 
tanks  in  which  the  caustic  leys  are  kept  should  bo  well  dosed  to 
prevent  absorption  of  carbonic  acid  from  the  air ;  this  is  some- 
times done  by  pouring  a  layer  of  paraffin  oil  or  nn*lte<l  paraffin 
wax  on  the  ley,  of  course  taking  the  requisite   precautions   to 
avoid  any  hydrocarbon  being  drawn  off  with  the   \vy  used  for 
making  soap  ;  when  properly  prepared,  no  visible  (lisengag(Mn«nt 
of  bubbles  of  gas  should  be  noticeable  on  adding  suffici(*nt  liydro- 

*  The  lime  mud  finally  obtained  from  soda  leyn  usually  retains  a  notable 

Sroportioo  of  sodium  carbonate  in  a  form  insoluble  in  water,  chiefly  as  a 
onble  carbonate  of  calcium  and  sodium.  This  may  lie  regained  in  LebUno 
alkali  works  by  drying];  and  using  the  impure  calcium  carbonate  obtained 
over  again  in  the  black  ash  operation  ;  but  in  an  ordinarv  soap  work, 
where  the  residuid  lime  mud  is  little  better  than  a  waste  product,  the  soda 
thus  retained  in  the  lime  mud  is  usually  loHt. 
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ddorie  or  otber  mtnerml  acid  to  supersaUuiute  the  alkali ;  thif] 
WBFwm  Mm  m  test  d  complelioii  daring  the  caosticisiiig  pr 
In  order  to  knov  what  quantity  of  alkali  is  used  for  a  gived 
opnmtioD,  the  tanks  are  fitted  with  gauges ;  so  that  if  the  level 
is  I'^editeed  hj  m  giv^n  number  of  inches,  for  instance,  it  is  knowrJ 
that  so  manj  g^lons  of  floid  have  been  run  off:  the  alkallnf 
islraigth  of  the  fiuid  being  known,  the  total  weight  of  alkaf 
preseot  in  the  l^uid  mn  off  is  tlien  known.  In  general  it 
more  oomTenient  to  arrange  the  lej  tanks  at  an  elevation  (| 
the  upper  part  of  the  fiwrtory)  so  as  to  ran  oJF  the  leys 
gimTitalioii,  than  to  have  them  in  the  basement  and  punj 
up  ihe  leys  to  the  coppers,  although    this  latter   arrangenie 

Valuation  of  AlkaUmty  of  Iieys. — In  order  to  detennl 
the  alkaline   strength   of  soap  leys  with    absolute  accuracj 
volnmetric  assay  with  a  standard  add  solution  must  be  emploif 
but  for  general  snapmaking  purpoaes,  the  specific  gravity  of  I 
solution  is  a  sufficiently  near  indication.     It  should  be  bomtl 
mind,  however,  that  the  specilic  gravity  is  only  to  be  trustetl 
an  indication  of  alkalinity  in  caaea  where  the  character  of 
liquor  is  always  sensibly  the  same — Lf.,  where  the  proportion! 
saline   matters  other  than  caustic  alkali  (sodium  or  potassif 
chloride,  sulphate,  »fcc,)  does  not  vary  much.     This  is  usually  tl 
caae  when  soda  ash,  itc,  of  a  tolerably  uniform  c|uality  is  alwjT 
employed  ;  but  when  dLfferent  ^[jrades  are  use<l  at  different  tin 
leys  may  easily  l>e  obtained  of  considenibly  different  alk 
strengths  although  of  the  same  specific  gravity.     Thus,  if  i 
ash  be  ttsed,  made  b\^  the  ammonia  process  and  containing  Vl 
56  per  cent,  of  "  anhydmus  soda  "*  (Na,0  =  6-),  e< juivalen  ttl 
about  1><5  j»er  cent,  of  anhydrous  sodium  carbonate,  Ka^COj,  rfcf  f 
having  a  given   specific  gra\'ity   Csay    1*075)   at   the   ordiarfl 
temperature  will  lie  notably  stronger  in  alkali,  bulk  for  nJkil 
than  a  similar  ley  prepared  from  Leblanc  soda  of  say  52  per  tfo3Lf\ 
equivalent  to  alKiut  89  per  cent,  of  anliydrous  carbonate,  IjecMStl 
the  latter  contains  a  larger  proportion  of  sodium   salt^  (chliiliife 
sulphate,  *fec.),  which  increase  the  relative  density  of  the  h*jtior 
without  adding  to  its  alkaline  strength.     A/ort'u^ri^  if  a  **  4>  pr 
cent,   soda  ash  *^   (i.«.,   an   lish   containing  alkali    equivalent  Ui 
only  48  percent,  of  NaX\  equivalent  to  about  82  per  ceutufl 
Ka^^CO^)  be  used,  the  alkaline  strength  of  the  ley  will  l>e  lo\ftf  f 
still  for  the  same  specific  gnivity,  since,  in  ortler  to  reduce 
alkalinity  of  the  ash  to  "48  degrees'^  (48  per  cent.  NaJ)),  i 
extra  amount  of  some  diluting  agent    (usually  salt)    must 
added,     Siiuilar  remarks  obviously  apply  to  potaj^h  leys  mn 
from  potash  uf  difl'erent  grades^  and  to  caustic  soda  leys 
hy    directly   dissoiving   solid   caustic    soda    in    water:    tlie   le 
from    a    **  70    per    cent,    caustic  '    (containing    70    per 
Xa^O  =  alxiut    90  p4?r  cent.    NaOH)    will   usually  be  strong 
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for  bulk,  at  a  given  specific  gravity  than  that  from  a 
er  cent,  caustic"  (containing  60  per  cent.  NajO  =:  about 
cent.  NaOH),  except  in  so  far  as  the  difference  in 
I  between  the  two  kinds  of  caustic  is  due  simply  to  toater, 
.  to  saline  matters,  such  as  sulphate  and  chloride, 
following  tables  exhibit  the  relationships  between  the 
strengths  of  pure  solutions  of  sodium  and  potassium 
ides  and  carbonates,  and  their  respective  specific  gravities, 
ordinary  temperature  (15**  C),  or  at  more  elevated  tem- 


Gravitv  op  Caustic  Soda  Solutiox  at  15"  (TUnnermann), 


ilitaniTity. 

Per  Cent  of  NajO 

Specific  Gravity. 

Per  Cent  of  Na,0. 

1-<2S5 

30-22 

1-2392 

1511 

1-4193 

29-C2 

1  -2-280 

14-50 

1-4101 

29  01 

1-2178 

13-90 

1^11 

28-41 

1-2058 

13  30 

1-9923 

27-80 

1-1948 

12-69 

1-3836 

27-20 

!            1-1841 

12-09 

1-3751 

26-59 

1-1734 

11 --18 

1-3668 

25-99 

1-1630 

10-88 

1-3566 

25-39 

1-15-28 

10-28 

1-3505 

24-78 

1-1428 

9-67 

1-3426 

24-18 

1-1330 

9  07 

1-3349 

23-57 

:             11233 

8-46 

1-3273 

22-97 

1-1137 

7-86 

13198 

22-3C 

11042 

7-25 

1-3143 

21-89 

1-0948 

6-65 

1-3125 

21-76 

10855 

6  04 

1-3053 

21  15 

1  07G4 

5-44 

1-2982 

20-55 

1 -0G75 

4-84 

1-2912 

1995 

1  -0587 

4-23 

1-2843 

19-34 

1-0500 

3-63 

1-2775 

18-73 

10414 

3-02 

1-2708 

18-13 

1  0330 

2-42 

1*2642 

17-53 

1-0-2-1(5 

1-81 

1-2578 

16*92 

101G3 

I  21 

1-2315 

16-38 

1  0081 

160 

1-2453 

15-71 

_       _ 

I  0040 

130 
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Specific  GRAVrrr  or  Caustic  Soda  SoLmoit  *x  U* 
{Lwntf^  and  HurUr), 


BpecLOc  QMTltj. 

Ormtnmft*  of  Ns,0 
per  Litre.         | 

1 
SpeciOc  Gnii^. 

1  oor* 

37          1 

1  iJ60 

^Ifl 

1  010 

75          ! 

1  270 

1  020 

151 

1-280 

^^ 

v{)m 

2218 

1-290 

I  040 

m^ 

1*3UU 

2f3ifl 

\\\m 

%11 

1310 

285*4 

1  01)0 

45-5 

1320 

2UT7 

1  070 

53-2 

1*330 

:m^ 

1-080 

ttlD          1 

1  ;i40 

.tB-2 

1  mn 

68*8          1 

1350 

1^-4 

MOO 

705 

r^i 

347-2 

1  110 

84-3 

1370 

:{a4»'i 

1120 

4»2  1 

P3S0 

372^0 

\  \m 

lOO'o 

1  -390 

3h:»-7 

1  J40 

KHHi 

1  40U 

:i98-5 

li:.0 

lliiti 

1  410 

411*8 

11  (U> 

1277 

1  42i> 

425D 

M7t) 

136*8 

1-430 

4:^8-2 

M80 

1453 

1  -440 

451-^ 

1-lUO 

134 -y 

1  -150 

1  200 

164  0 

1  Am 

1-210 

1747 

1*470 

l'22t) 

185*5           1 

1-480 

MM 

1  -sao 

HXi-3 

1*490 

1  240 

207  0 

1  hm 

1-250 

217-8          1 

iNTLtTKNCE   OF  TeMPEBATITIE   OX  THE    SpJECIFIC  GrA-VITV 

Caustic  Soda  SoLrxitix* 


Teroponitttm. 

Spedfte  GrMtitf.                        ^^^^H 

nBBH 

0 

1  015 

1030 

1060    MOO 

1-150 

1-200 

I  230 1  raWTTS 

10 

roi2 

1-027 

1  057  ,  1*097 

1  ]4ii 

1*19,1 

1  -245     I  315  i  H 

20 

1  009 

1  024 

1  QiA    1  -093 

1142 

1  -190 

ii240i  r:no  li 

30 

\  O07 

1  022 

1-052     1-091 

1138 

1  184> 

l-2:i,>    1  :«*Ki   h 

40 

1  003 

1  OIK 

1  ^048     I  087 

1*130 

M81 

1  2:11  1  1  2ir9    V 

50 

0  999 

10J4 

1044     1082 

1*129 

11:7 

122H     1-294    h 

60 

mA 

1009 

1039     1-077 

1-124 

1*173 

1-221     I-2SS    P 

70 

*988 

1  eAi3 

1-033     1-071 

MIH 

1*168 

1'216     l-iH3    1- 

80 

*982 

*997 

1027    loori 

lil2 

1102 

1211     1-277    I* 

90 

■977 

•992 

1022    1*059 

M07 

1156 

1*206  1  1  271     \' 

100 

•971 

■980 

lOIG    1053 

1101 

M51 

1200  j  l-2li5Jl- 

A 
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^"ficmo  Gbavttv  of  Caustic  Potash  Solution  at  15"  {TUnnermann)! 


PflTcantage  of 

Percentage  of           | 

Siwdfle 

Specific 

Q»%7. 

Gravity. 

Kno. 

E,0. 

KHO. 

K,0. 

1-3300 

33-69 

28-29 

1-1437 

16-85 

1415 

1-3131 

32-35 

27-16 

1-1308 

15-50 

1301 

1-2966 

31-00 

2603 

1-1182 

14-15 

11-88 

1-2805 

29-65 

24  90 

1-1059 

12-80 

10-75 

1-8648 

28-30 

23  76 

1-0938 

11-46 

9-62 

1-2403     . 

26-95 

22-63 

1-0819 

1011 

8-49 

1-2342 

25-61 

21-50 

1-0703 

8-76 

7-36 

1-2268 

24-93 

20-94 

10589 

7-41 

6-22 

1-2122 

23-59 

19-80 

10478 

5-96 

500 

11979 

22-24 

18-67 

1-0369 

4-72 

3-96 

1-1839 

20  89 

17-54 

1-0260 

3-67 

2-83 

11702 

1954 

16-41 

1-0153 

2-02 

1-70 

1-1568 

18-20 

15  28 

1-0050 

0-674 

0-566 

SPEcmc  Gravity  of  Caustic  Potash  Solution  at  15°. 
{Lunge  and  Hurler), 


Ormmmea 

per  Litre. 

Grammes  per  Litre. 

Speeffle 

Specific 
OraTity. 

QniTity. 

K,0. 

KOH. 

K,0. 

KOH. 

1*007 

7 

9 

1-252 

284 

338 

1-014 

14 

17 

1-263 

297 

353 

1-022 

22 

26 

1-274 

308 

368 

1-029 

30 

36 

1-285 

321 

385 

1-037 

39 

46 

1-297 

335 

398 

1-045 

49 

58 

1-308 

349 

416 

1-052 

57 

67 

1-320 

363 

432 

1-060 

66 

78 

1-332 

377 

449 

1-067 

74 

88 

1-345 

394 

469 

1-075 

83 

99 

1-357 

410 

487 

1-083 

92 

109 

1-370 

425 

506 

1-091 

100 

119 

1-383 

440 

622 

1100 

111 

132 

1-397 

457 

543 

1108 

119 

143 

1-410 

472 

563 

1-116 

129 

153 

1-424 

490 

582 

1125 

140 

167 

1-438 

509 

605 

1134 

160 

178 

1-453 

530 

631 

1-142 

159 

188 

1-468 

549 

655 

1-152 

170 

203 

1-483 

571 

679 

1-162 

181 

216 

1-498 

593 

706 

1-171 

192 

228 

1-514 

615 

731 

1180 

203 

242 

1-530 

635 

756 

1190 

214 

255 

1-546 

655 

779 

1-200 

226 

269 

1-563 

681 

811 

1-210 

237 

282 

1-580 

706 

840 

1-220 

248 

295 

1-597 

731 

870 

1-231 

260 

309        I 

1-615 

759 

902 

1-241 

272 

324        1 

1-634 

789 

940 

27 


r  1 

^^^^^^^^^^H 

H 

OltS,   FAT8,    WAXSa,    BTC.                                   ^^^H 

^^^B            Spicinc  Gbavht  at  liT*  C.   of  SomrK  CARHoyATE  Sonnroar  ^H 

ilunge  and  Hurttr).                                            ■ 

^ 

FeEWLticvof 

^wetaMmg^oi 

Hft^ 

NM30,. 

N*tO. 

2^.pa» 

roor» 

028 

047 

1-OflO       i 

4-42 

7  57 

1010 

0-56 

0*95 

1-086 

470 

d-04 

1-015 

O'S* 

1*42 

1^090 

4W 

8*51 

1-020 

Ml 

1*00 

1-095 

6-24 

8*97 

1*025 

1-39 

238 

MOO 

5-52 

943 

1030 

167 

2-85 

1  105 

5-79 

9-90 

1  -QW 

1-95 

3*33 

1  110 

606 

10*37 

HMO 

2-22 

3-80 

M15 

633 

10*83 

i  045 

2-50 

4-28 

1  120 

6-61 

11-30 

rosu 

2-78 

4-76 

1-125 

6-88 

H-76 

1  -055 

3(»6 

5*23 

1-130       1 

7*15 

1223 

1 

1  '060 

334 

5-71 

1  135 

7-42 

12*70     ■ 

1-065 

301 

6-17 

M40 

7-70 

13-16 

n 

J  070 

388 

6-64 

1*145 

7*97 

13*63 

1 

1-075 

41G 

7*10 

M60 

8-24 

14-09 

, 

^H                  SpKornc  Gratity  at  30"*  C,   of  CoNCKirrRATKD  Sopiuii  Cabboitatb        J 

Solution  {Lungt  and  ffurter). 

Feii>eiiUfi»  of 

OmTily. 

NrsO, 

Ka,00„ 

K«^ 

21  33 

hHO 

7*07 

13-«2 

1*230        \      12-48 

ri50 

8*40 

14-47 

1-240 

1298 

22-20 

1*100 

8^6 

15%TJ 

1*260        '       13-49 

2307 

1170 

946 

1018 

^        1*260 

14-00 

23*93 

I -ISO 

9-96 

17  04 

1*270 

U*49 

24-77 

1-190 

1046 

17*89 

1-280 

14-98 

25*61 

1-200 

low 

1875 

1*290 

15*47 

2645 

1210 

11-47 

19*61 

1*300 

15*96 

27  "29 

1-220 

11-07 

20*47 

1        1*310 

16-45 

28*13 

J 

i 
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PoTASsnnc  Carboitatk  ((TeWocA). 


Peraaa«i«B 

fAwdfle 

Ftoreeotagis 

flpMifle 

Percentage 

Spedflc 

ofK,00^ 

Qn^yitj  at  15<». 

ofK,CO» 

Gravity  aHS». 

ofK,CO> 

GraTity  at  U*. 

1 

10091 

19 

11827 

37 

1-3828 

2 

f   1-0183 

20 

1-1929 

38 

1-3948 

3 

'    10274 

21 

12034 

39 

1-4067 

4 

10366 

22 

1-2140 

40 

1-4187 

5 

10457 

23 

1-2246 

41 

1-4310 

6 

10551 

24 

1-2352 

42 

1^4434 

7 

10645 

25 

1-2458 

43 

1-4557 

8 

1-0740 

26 

1-2568 

44 

1-4681 

9 

:  -0834 

27 

12679 

45 

1-4804 

10 

1-0928 

28 

1-2789 

46 

1-4931 

11 

11026 

29 

1-2900 

47 

1-5059 

12 

l-n24 

30 

1-3011 

48 

1-5186 

13 

1-1222 

31 

1-3126 

49 

1-5314 

14 

1K^20 

32 

1-3242 

50 

1-5441 

15 

114\8 

33 

1-3357 

51 

1-5573 

16 

1-I5i0 

34 

1-3473 

52 

1-5705 

17 

11622 

35 

13589 

52  024 

1-57079 

18 

1172V 

36 

1-3708 

The  above  tables  only  apply  to  pure  solutions  of  alkaline  car- 
bonates and  hydroxides  ;  with  commercial  substances  containing 
other  neutral  saline  matters  (chloride,  sulphate,  &c.)  a  correction 
is  necessary  to  allow  for  the  increment  in  specific  gravity  brought 
about  by  the  presence  of  these  impurities  without  any  corre- 
sponding increase  in  alkaline  strength  :  the  amount  of  this  cor- 
rection necessarily  varies  with  the  proportion  and  nature  of  the 
saline  matter  present,  and  consequently  no  very  accurate  allow- 
ance on  this  score  is  practicable  in  most  cases  ;  but  an  approxi- 
mation sufficiently  near  for  most  practical  purposes  is  obtained 
by  assuming  that  the  effect  of  a  given  quantity  of  neutral  saline 
matter  in  increasing  the  specific  gravity  is  the  same  as  that  of 
the  same  quantity  of  actual  alkali ;  so  that  if  it  is  known  that  a 
given  sample  contains  n  per  cent,  of  neutral  saline  matters, 
together  with  100  -  n  per  cent,  of  actual  alkali  (reckoned  on  the 
sum  of  alkali  and  salts  as  100),  the  correction  is  obtained  by 
subtracting  from  the  tabular  number  corresponding  with  the 
particular  specific  gravity  n  per  cent,  of  its  value.  Thus,  for 
example,  if  a  solution  of  sodium  carbonate  be  made  from  a  soda 
ashy  dsc.,  where  the  saline  impurities  (sulphate,  chloride,  &c.) 
jointly  represent  5  per  cent,  of  the  total  solids  dissolved  (the 
sodium  carbonate  consequently  representing  95  per  cent.),  the 
amount  of  sodium  carbonate  given  in  the  table  for  a  given 
specific  gravity  is  to  be  reduced  by  5  per  cent,  of  its  value. 
Similarly  if  the  actual  caustic  soda,  NaOH,  in  a  sample  of 
commercial  caustic  be  90  per  cent.,  and  the  saline  impurities 


ISO  OILS,    FATS,    WAXES,    BTC.  1 

10  per  cesnt.^  of  tJie  i«yUd  soluble  solid  mailers  pre^sei  J 
erf*  noUtiire),  the  Uibttlar  ntimber  must  be  decrea^^* 
emA^  oi  its  Tmlue.     Where  iiioi«  exact  valuations  a 
aa  is  sometimes  oeoessaiy  in  order  to  avoid   usinL*^''  ^'^      U 
defimeucj  of  aUcali,  specific   gravity  indicaiiotxa    nn  ■ 

carded,  and  the  resutts  of  alkalintetrical  assays  ^»»>^-'  fl 
§ar  them  ;  for  this  purpose  a  normal  or  semiiiomiiil  ^M  ^  H 
hjdiocbloric  or  Bulph uric  acid  is  conTenient^  using  o^jMf^  H 
not  affected  bj  carbon  fiioxide  (litmus  employed  in  h*  ^^^^  ■ 
oK-hineal,  methyl  orange-.  «i'c.)  *  H 

Snslish,  French,  and  German  Dogroes, — A  pe^^»^  ■ 
custom  obtains  ia  Britain  whereby  the  alkaline  <9igth  of  ^ 
soda  ash  and  caustic  soda  is  represented  as  high  thaa  tliA  1 
truth  to  the  extent  of  about  1*32  per  cent,  or  ^>Mt  in  76, 
This  is  brought  about  by  the  incorrect  assumption  t  ^t  tlie  atoime  j 
weight  of  sodium  is  24  instead  of  23  ;  whence  -e  percentage 
of  KajO   in   pure   sodium  carbonate,  Na^CO  ,    -»  rec-koned  «  j 

,-^  X  100  =  59-26,  instead  of  ^  ic  100  =  58'4y,     Hence   5S  a  | 

parts  of  soda  are  reckoned  as  59  26,  thus  gi  ing  an  error  mM 
excess  of  0-77  in  58-49  =  1*32  in  100.     A  sti  (  more  erroneoin 
mode  of  calculation  was  recently  current  in  8i>ne  district^  bsirflfl 
on  the  same  assumption  that  ^a  -  24  ;   only  in  this  csee  the 
molecular  weight  of  Na^O  was  reckoned  as  64  instead  of  62, 
thuE  giving  an  error  in  excess  of  2  parts  in  64  =  3*23  parts  in 
100,  more  than  twice  the  former  error. 

In  Germany  the  alkaline  strength  is  usually  expressed  in 
"degrees"  representing  the  percentage  of  pure  NajCOj  eqai- 
%-alent  to  the  alkali  present — 1\<.,  pure  sodium  carbonate  would 
be  a  soda  ash  of  100*.  In  France  **  Descroizilles  degrees  "  are  is 
use,  representing  the  quantity  of  pure  sulphuric  acid,  H.JS0|, 
neutralised  by  100  parts  of  soda  ash — i.e.,  pure  sodium  ctf* 
btjnate,  Na^COg,  would  represent  a  product  of  strength  i*qual  to 

-  -    X   100  =  92" '45  Descroizilles.      The   relationships   between 

Descroizilles  and  German  degrees  and  the  true  percentage  d 
anhydrous  soda  (Na^O  =31,  not  aflectecl  by  the  abfjve  named 
errors  in  excess  due  to  English  trade  customs)  are  oonsequeaUj 
given  by  the  formula — 

*  Wben  it  18  required  to  determine  the  anioimt  of  alkali  present  ia  tte 
caustic  and  in  the  carbonated  Btate«  two  as8sy«  are  rcqaiaite  ;  in  one  cut 
the  total  alLali  is  determined  cotitained  in  a  given  volume  of  fluid  ;  in  tbr 
other  the  same  volume  of  solution  is  boiled  witb  barium  chloride  or  nitnte* 
and  after  cooling,  made  np  to  double  the  oriffin&l  hulk  with  water ;  afUr 
subtiideiice  or  tilt  rat  ion  the  cauatic  alkali  in  half  the  total  fluid  is  deteraiocd, 
and  the  amount  found  doubled  and  8ubtract4^d  from  that  found  in  the  lini 
assay.  The  difference  representa  the  carbonated  alkaU  present  with  i 
or  leas  accuracy  accordinj^  as  access  of  carbonic  acid  from  the  air  hat  1 
avoided  during  the  opcratioos. 
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s 

31 


D 
49 


G 
53 


J:< 


8  is  the  alkaline  strength  expressed  as  percentage  of  Na20 
"lent  31 — sdmetimes  spoken  of  as  the  strength  in  "  Gay 
degrees  ") ;  D  the  same  in  Descroizilles  degrees  (equivalent 
IO4  =  49) ;  and  G  the  same  expressed  in  German  degrees 
lent  of  Na^COa  =  53). 
this  formula  result  the  equations — 

S     =    '' 


D    = 


G     = 


49 

= 

0-6327  D 

%■> 

= 

0-5849  G 

t^ 

= 

1 -5806  8 

*9 
53^ 

= 

0-D245  G 

53 
3T^ 

= 

1-7(>97S 

^^D 

_ 

l-0-il6D 

49 


The  following  table  represents  the  same  relationships- 


8. 

D. 

1     G. 

i    s. 

p. 

G. 

2 

316 

342 

42 

66-39 

71-81 

4 

6-32 

9-84 

44 

69-55 

75-23 

6 

9-48 

10-26 

46 

72-71 

78-66 

8 

12-64 

!   13-68 

48 

75  87 

82-07 

10 

15-81 

17-10 

50 

7903 

85-48 

12 

18  97 

20-52 

52 

8219 

88-90 

14 

2213 

23-94 

54 

85-35 

92-32 

16 

25  29 

i   27-36 

56 

88-52 

95-74 

18 

28-45 

1   3078 

58 

91-68 

9916 

20 

31-61 

34-20 

60 

94-84 

102-58 

22 

34-77 

37  62 

62 

98  00 

106  01 

24 

37-93 

41-04   t 

64 

101-16 

109-43 

26 

41-09 

44-46 

66 

104-32 

112-85 

28 

44-25 

,   47-88 

C8 

107-48 

116-27 

30 

47-42 

61-29 

70 

110-64 

119-69 

32 

50  88 

54-71 

72 

113-81 

12310 

34 

53-74 

58-13 

74 

116-97 

126-52 

36 

56-90 

61-55 

76 

120-13 

129-94 

38 

60-06 

64-97 

77-5 

122-50 

132-50 

40 

63-22 

68-39 

Caloulation  of  Quantity  of  Alkaline  Ley  requisite  for 
Saponification. — When  an  alkaline  solution  of  known  strength 
(either  determined  by  titration,  or  inferred  from  the  specific 
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gravity  iifter  correeiiau  of  tlie  Uibular  value  for  saline  impurili 
is  to  be  used  for  eojivertiiig  into  stwip  a  given  kind  of  fatty  i 
or  mixture  of  fats,  6cc,,  the  quantity  requisite  for  exactly  lapaiii- 
fying  a  given  weight  of  fat  dej>ends  not  only  on  the  aJkaUnity. 
of  the  ley  but  also  on  the  mean  saponification  equiv&lent 
the  fatty  matters  (p,  158) ;  the  lower  the  value  of  tUii 
quantity  the  more  alkali  will  be  required,  the  relationship  1 
indicated  thus^ — Let  E  l>e  the  mean  saponification  equivalent  < 
the  fatSj  lire,  used  ;  then  E  uuits  of  weight  of  fat  will  l>e  equivalent 
to  31  uuits  of  NagO  (or  to  40  of  NaOH,  ATI  of  K.^0,  or  561 
of  KOH).  Let  1^000  parts  by  weight  of  alkaline  ley  he  equi- 
valent to  a^  jmrts  of  Na.jU  for  to  a.,  of  NaOH,  a^  of  K^^O,  or  a^  of 
KOI  I) — i.e.,  let  ft^  (a.!,  n^^  or  a^)  be  the  permillage  of  alkali  in 
the  lev.     Then  E  units  of  weight  of  fat  will  obviously  be  equi* 

units  of  weight  ol  lev  (  or  to  40  x  -^ — , 

^1  '    \  ^ 

- ,  or  oG'l  X 1 :  whence  one  part  of  f*t  is  eom- 

a,    '  a^    )'  ^  ^ 

1,000        1       31,000       _      ,  ,       /           40,000 
<    -  ^ parts  of  ley  ( or  to -^. 

47,100         56,100  ■        \      mi.  ^u         •  i..    .*     1.       . 
1,,  or    —     „  i>arts)*     Inua  one  part  by  weight  of  cokeTimt 

oil  of  meau  saiKmific-ation  equivalent  215  will  be  exactly  saponiM 

%  t,9n  '  r  *j  1  r  =  0-846  parts  of  caustic  soda  ley  containing  21*0  psr  J 

mi  He  of  NaOH  ;  whilst  one  part  of  Unseed  oil  of  mean  ^apoiofi- 

cation  equivident  21)1  "5  will  c<jrrespond  with    -  r   * -,7ri-i  =  107! 
'  ^  IdOx  291-5 

[wirta  of  a  potash  ley  containing  total  active  alkali  (caustic  * 

earljonated)    eijuivalent    t*>     150    per    mille    of    KgO^    And  m 

on. 

When  the  alkalinity  of  the  leys  is  expresvsed  OApaffs  &y  weigliU 

jjer  unil  li/rfJitnt*'  (j^i^mmes  per  litre,  pounds  per  galloii,*  Jrc) 

the    alKive    calculation  still    applies    in  slightly  modified   form. 

Let  the  alkaline  ley  contain  6j  gramme.>i  of  Na.O  per  litre  (A^ 

grammes  of  NaOH,  //.j  of  K-^O,  b^  of  KOH),  then  E  grammes  of 

40 

r — "^w* 
©2*  Ik 


valent  to  31 


47-1 


valent  to  31 


fat  are  equivaleui  to  '      litres  of  ley  [or  to  — ,  -4—y 


31 


or 


iitresj;  whence  1  gramme  of  fat  represents    .—  ^  (or 


*  A  aoliition  of  any  til  mg  containing  n  gminines  per  litre  (a  mUligr»ia] 
per  c.L\  or  n  kilogrummos  per  tMiliic  iiietrf),  contains  n  pounds  per  hectfl^. 

SJlon  (too  gallr  nsv,  mnce  1  gallon  of  w&tt^r  weiifhs  10  Iba.  Hcooe  wbm 
boratury  estinitttioiL-4  are  maik%  as  usual,  on  the  metrical  systeiii«  tbi 
Feaults  can,  if  required,  he  referred  to  pounds  uud  galloni  for  ptMlMBl 
British  works'  use  in  a  very  aimi^te  way. 
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471 
31,000 


561 


,»»  T Tjf)  litres  of  ley ;  or  1    kilogramme  represeats 

mtJoO    47,100  56,100\    ,.,  _,,  ... 


^TlE   V6»  X  e;   63_x  E'   "'    6^  X  E. 


cokemut   oil   (E  =  215)  would    be    exactly  saponified    by 
40,000 


300 ^K'  ^  0-930   litres   of   caustic    soda   solution   of  such 

strengih  that  I  litre  =  200  grammes  NaOH;  or  1  kilo,  of  lin- 
seed oil  (E  =  291-5)  would  correspond  with  ,^,tJ'^~  ,  ^  =  1029 
'  '^  157*0  x2yl*5 

litres  of  potash  ley  of  which  1  litre  =  157-0  grammes  K^O. 

The  following  table  gives  the  values  of  — U —  and  — \^ —  for 

▼aluea  of  E  between  190  and  400 ;  by  its  means  the  number  of 
litres,  2,  of  caustic  soda  (or  potash)  solution  can  be  readily 
calculated,  requisite  for  the  saponification  of  a  kilogramme  of  any 
£Ktty  mixture  the  mean  saponification  equivalent  of  which  is  E, 
by  the  simple  formula — 


where  n  is  the  tabular  number  corresponding  with  E,  and  N  the 
number  of  grammes  of  NaOH  (or  of  KOH)  contained  in  a  litre  of 
the  ley  used  : — 


40,000 

fiO.lOO 

E. 

E    ' 

Differenoe. 

E 

Difference. 

190 

210-5 

295-2 

200 

200-0 

10-5 

280-5 

14-7 

210 

190-5 

9-5 

267-2 

13-3 

220 

181-8 

8-7 

255-0 

12-2 

230 

173-9 

7-9 

243-9 

111 

240 

166-7 

7-2 

233-7 

10-2 

250 

160  0 

6-7 

224-4 

9-3 

260 

153-8 

6-2 

215-8 

8-6 

270 

1481 

5-7 

207-8 

8-0 

280 

142-8 

5-3 

200-4 

7-4 

290 

137-9 

4-9 

193-5 

6-9 

900 

133-3 

4-6 

187  0 

6-5 

310 

129-0 

4-3 

1810 

60 

320 

125-0 

4-0 

175-3 

6-7 

330 

121-2 

3-8 

1700 

5-3 

340 

117-6 

3-6 

165-0 

5-0 

350 

114'3 

3-3 

160-3 

47 

360 

111-1 

3-2 

155-8 

4-5 

370 

108-1 

3-0 

151-6 

4-2 

380 

105-3 

2-8 

147-6 

4-0 

390 

1026 

2-7 

143-8 

3-8 

400 

100-0 

2-6 

140-25 

3*55 

WM^n,   WAXES,    KTT. 

^  of  tallov,  palm  oil,  and  cokerntit  oil  W 
equivalent    25U  ;   then  n  ^  160,  j 
«f  lim«  of  ouistic  aodA  solution  requisile  %»| 

-    ^^    vbeiv     N    is    the    niunber 

«r  K^Off  twrtiiMwa  in  m  Utre  of  the  ley ;  if  X  =  ml 
KOOO — *.<•.,     !    litrf*   exiu-tlv  is 
mad  weaker  solutions,  where  N  B^ 
M,  Ike  QorrB^MNMiing  quotient  \'alu«  ait 

0-5  litre  of  the  stronger  fluid 
lof  tlie  wenker  one. 
BfttivtJitti  is  not  exactly  indicated 
rittiEly  obtained    by   interpolation 
!<# ifcfc  ^fcwee fmltWfcMft  without  introducing  any  mater 
;  ^  mmmenml  *^oleiiie  "*  (impure  oleic  acid)  of  whid 
Qif«iiiyait  is  ^2'5  corresponds  with  a  vmloe 

i€  1<M  -  0«  ^  A^  =  UI-6;  hence,  if  a  soda  Ifj 

U  XiOH  per  Utre  be  used  (N  =  293^), 

«  #<i$9  BtPt  of  lej   will  oo&tain   alkali    exac-tly  oorr»-_ 

I  kiki.  ciUUj  mslter. 

libe  alviw   formula  •^^  |rr    "^^^^    ^t^o    enable  tbe] 

!^c£  fBTta  1^  we^glit  of  ley  to  be  calculated^  requisite  ta 

/  ^mt  put  W  weigbt  of  fiittv  matter  of  mean  equivalent 

ETif  X  dm  Ota  tlw  f^rmUkfe  of  N*aUH  (or  of  KOH)  in  ih^ 

l»T,     TlllK  ia  oiae  of  tbe  cxaitiples  above  quoted^  one  part  */ 

lO  000 
coLmmm  ofl  «f  •faiwJittI  ^13  i^presenls  a  value  for  -^p-  ^ 

I9M  -  <^  M  S-7  «  IW^l  ;  wlmMe  the  <|«aiitity  of  soda  ley 

186*1 
S^  per  mills  of  NaOUy  equiTalent  tbsrslo  i&  \^^^      =  0(^46  pan, 

asbc^Nw. 

Wben  it  is  required  to  use  fiuty  matters  and  alkaline  tey.^  ia 
as  nearly  as  possible  eqaivalent  quantities  so  as  to  avoid  excels 
of  eiUif^  oottStitiBenl^  odcolations  such  as  the  foregoing  afford 
tbe  sui^lesl  metbod  of  arrirtng  at  the  relative  quantities 
requisite.  In  practice^  when  tbe  same  kind  ckf  opteration  U 
to  be  repeated  over  taid  over  again  as  a  matter  of  rcmtiuf^ 
the  fatty  matter  employed  being  sensibly  of  tlie  .same  qualitt 
tkroughout,  it  usually  ^iu^ees  to  gauge  the  tanJcs  and  vesseU 
employed  once  for  a)]  by  means  of  calculations  founded  oa 
these  principlea,  and  prefenibly  checktHl  by  careful  analyst 
of  the  resulting  products  ;  the  weight  of  fatty' nmtters  taken  and 
their  mean  jiji|)onii]catit»n  equivalent  Ijeiiig  practically  t> instant 
for  each  operation,  the  volume  of  alkaline  ley  used  is  sUgbtlj 


^ 


a. 


23 

K 

391 

62 

K2O 

94-2 

40 

KOH       = 

56- 1 

106 

KjCOg      = 

138-2 
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increased  or  diminished  below  that  corresponding  with  the 
original  gaugings  according  as  the  alkalimetrical  test  of  the 
Kqaor  (or  the  value  deduced  from  its  specific  gravity)  shows 
tfaftt  it  is  a  little  below  or  above  its  normal  strength — i.e.,  that 
pertaining  to  the  original  gaugings. 

When  it  is  required  to  calculate  the  amount  of  sodium  or 
potassium  hydroxide  or  carbonate  equivalent  to  a  given  amount 
of  anhydrous  oxide,  or  vice  versd,  the  following  formulae  may  be 
employed,  based  on  the  molecular  weights — 

Na 

Na,0 

NaOH       = 
NajCO,    = 

Let  a  given  weight  A  of  Na.jO  be  equivalent  to  B  of  NaOH 
and  C  of  Naw,CO., ;  and  let  a  given  weight  D  of  K.,0  be  equivalent 
to  E  of  KOfi  and  F  of  K^CUg :  then— 

Formula. 

r>    =   o-77r>o  B 

C  =  0-5849  C 

A  =  1-2903  A 

C  =  0  7547  C 

A  =  1-7097  A 

B  =  1  -3250  B 

E  =  0-8396  E 

F  =  0-G816  F 

D  =  1  1911  D 

F  =  -8119  F 

~,r   D  =  1-4671  D 

E  =  1-2.317  E 

Thus  a  solution  of  sodium  hydroxide  of  specific  gravity  1*206 
containing  13*3  per  cent,  of  NaOH  will  contain  13-3  x  0-775  = 
10*3  per  cent,  of  Na.^0 ;  one  containing  21*5  per  cent,  of  KjCO^ 
ifl  equivalent  to  another  containing  21-5  x  0-8119  =^  17*46  per 
cent,  of  KOH ;  and  so  on. 


T 
NaOH 

0  reduce 
to  NajO 

A 

= 

Formula. 
62 

2  X  4J 

NajCOa 

to  NajO 

A 

=s 

62 
106 

Na,0 

to  NaOH 

B 

= 

2  y  40 

NajCOa 

,  to  NaOH 

B 

= 

2  X  40 
lOb 

Na,0 

to  NajCOa 

C 

= 

106 
62 

NaOH 

to  NaoCOa 

C 

= 

106 
2  X  40 

KOH 

to  K2O 

D 

= 

94-2 
2  X  56-1 

K,COs 

to  KaO 

D 

= 

94  2 

138-2 

K,0 

to  KOH 

E 

= 

2  X  561 
94-2 

KjCOa 

to  KOH 

E 

= 

2  X  561 
1382 

KjO 

to  K2CO3 

F 

= 

1.382 
94-2 

KOH 

to  KjCOa 

F 

= 

1.3s -2 
2  X  561 
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The  following  analogous  fomiulie  may  be  used  to  calculate  tbe 
tjuautity  of  s^wJa  equivalent  Uj  a  given  weight  of  potash  or  rice 
ivrsf!.  Let  H  be  a  given  (juatitity  of  sodium  C4irlx»nate  and  I 
the  pottiasium  carbonate  ec|iiivaleiit  tliereto  ;  similarly  let  J  be 
a  given  amount  of  .sodium  hydroxide  and  K  the  potassium 
hydroxide  corrcsporKling  therewith ;  anti  let  L  be  a  given  quantity 
of  NajjO,  and  M  the  K.,0  efjuisalent  thereto.     Then — 


Cirbonftiisij  • 


Hydroxides, . 


Anhydrous  oxideSp 


f " 


I       = 


106 
138 

1382 
106 


;;,     I        -       07670  1 

H    =     1  -3038  U 


JO 
JO  1 

50-1 
40 

31 

47-1 

31 


M 

L 


0*7130  J 
1*4025  K 

0  0582  L 
1-5194  M 


Thus  10  per  cent,  of  K.,0  in  a  given  soap  is  equivalent  to 
10  X  0"G582  =  ir*jt^2  per  cent,  of  Na.,0.  A  liquor  containing 
8  per  cent,  of  NaOH  is  of  the  same  alkaline  strength  as  one 
iiontaiaing  i^  x  1  '4025  =  11  "22  per  cent  of  KUH  j  and  so  on. 


CHAPTER  XIX. 

SOAPMAKING    PLANT. 

HEATING   APPLIANUES, 

The  plant  and  appliances  requisite  for  the  manufacture  of  soiP 

\  ary  somewhat  Jiccording  to  the  nature  of  the  process  used  m 
the  scale  on  which  it  in  conducted  Formerly  the  vessels  (usiuJlf 
known  im  **  pans;'  *'  coppers,"  or  ''kettles*')  in  which  the  Ixiiliog 
operations  were  conducteil  were  unifoi'inly  mounted  over  fre« 
iiren^  so  that  the  Hanie  profbiced  by  the  combustion  of  fuel  in* 
fircjihicc  placed  beneath  the  pan  was  niftde  to  play  over  the  reit 
of  the  )>ottnTn  and  jjart  of  the  sides  of  the  pan  by  means  of  » 
suitably  arraiigc^J  circular  tluc;  pro\'iiled  with  a  damper  for  t^ 
pwrjmse  of  regulatiiig  the  draught.  Sevenil  coppers  were  MStmBj 
mounted  «i(le  by  side,  su  that  the  pnxluct^i  of  combustion  of  tfaOT 
respective  fires  passed  into  the  same  common  tunnel  or  fiue  lead- 
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ng  to  the  Qiain  chimney  of  the  works.     At  the  present  clay  thiw 

^atem   of  free    firing  is  companvtively  aelrlom  applied   in   the 

Br  soap  fiictories,  the  coppern  being  more  frequently  hefited 

ste^ni  supplied  from  a.  8j>ed.'il  boiler,  and  in  some  ciuses  sujier- 

tecl  I  before  use.     Fig,  108  gives  a  general  ideii  ^^f  the  disposi- 


Hi 


Fig.  lOS- 

ton  of  the  arran^'«^mentH  adopted  for  a  free- fi reel  {tttn.  The 
f^n,  J,  is  mounted  in  masonry  over  the  hrephice,  11,  placed 
centrally  beneath  it,  a  nearly  circular  flue,  E,  *  arrying  the  tlame 
round  the  lower  part  of  the  pati  to  the  chimney,  F  ;  O  is  the 
grate  or  range  of  firebars  supporting  the  fuel,  and  JJ  the  ashpit. 
The  leys,  ttc.j  are  drawn  *jfi' 
as  required  by  the  tube  and 
draw-olf  ei>ck,  K  ;  the  level 
of  the  fhxrring  or  staging 
round  the  pan,  A,  A,  i.s  niisetl 
bo  that  the  top  of  the  pan 
projects  upwartis  some  '4  feet. 
Fig,  109  representH  a  east 
►n  pan  of  slightly  different 

^  pe,  A,  also  mounted  8o  as 
t*>  l>e  heateti  by  free  firing  ; 
in  this  ease  the  fireplace,  li, 
'b    not    placed    centrally    be- 

Leatb  the  f^»an,  but  somewhat 
in    fnmt   r»f    it,    the    heating 
Jing   chiefly    eflecied    by    the    hot    air   chandler.    l\    in    which 
le    products    of    conilmstiim    circulate    rnuntl    and    tinder   the 


Kiror 


Fig.  hnK 
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Imse  of  the  pan  Iwfore  passing  away  to  the  flue.     C,  firel 
D,  ashpit. 

In  the  ouse  of  modern  steam  heated  pans,  the  steam  m  applied 
in  various  ways.  Heating  by  "i^i"  st^am  consists  in  blowing 
steam  at  a  suffieient  pn^ssure  direct  int<»  the  mass  to  ho  heated, 
so  that  the  water  prrKlueed  by  the  eondensati*>n  of  the  steam 
dilutes  the  wliole  until  the  tenij»erature  rises  so  high  tliat 
-steam  siurply  blows  through  without  l>eci^»ming  materially 
densed  ;  for  ii^tost  general  Ijoiliiig  purp^ises  a  ti?et  jnfeani  cftil 
thus  used,  consisting  of  an  iron  pipie  descending  to  near 
bottom  of  the  coj^per  and  terminating  in  a  ring  perforateti  with 
holes  through  which  the  steam  issues,  l:ml>hHng  up  thmugh  the 
mass  atid  proflucing  a  very  effeetive  agitation  and  intermixture 
of  the  contetUs  when  the  heat  i«  sulHcient  to  cause  the  steam 
blow  through.  In  some  distriela  this  wet  steam  coil  is  acvoi 
ingly  sjKjktHi  of  as  the  '*  blowpipe;"  superheated  steam  is  soi 


Lted, 
ean^i 

tlw^^^ 

vith 

the      i 
^ure     j 

ml     \ 


times  employed  instead  of  steam  supplied  direct  frfim  the  boiler, 
ao  as  t^>  diminish  the  amount  of  water  condensation. 

Heating  by  "dry  "steam  consists  in  causing  steam  (either 
direct  from  a  high  pressure  boiler,  or  preferably  for  many  jmr- 
ix)se,%  superheated)  to  circulate  through  a  sort  of  spiral  lul*e  or 
coil  arranged  in  the  lower  part  of  the  copper;  the  water  con- 
densed in  the  coil  accordingly  does  not  pass  into  the  lieated 
mass,  thereby  diluting  the  leys,  il'c,  but  is  blown  off  along  witii 
the  exit  steam.  Dry  steam  is  also  sometimes  employetl  to  hejit 
an  external  jiicket  usually  rmly  surrounding  the  lower  part  »if 
the  pan  ;  Fig.  1 10  indicates  the  kind  of  arrangement — €\  steaw 
suj^ply  pipe  :  1>,  pipe  ami  ciick  for  drawing  off'  condensed  water. 
A,  copper;  B,  steam  jacket  at  base  of  copper  ;  E,  draw  off  pil*' 
from  Clipper.  A  inechanical  stirring  arrangement  to  keep  tfi« 
mass  ixgitated  is  conveniently  added. 

In  order  t^:»  tWilitate  intermixture  of  materials  in  the  f»aii 
whilst  heating  up  liy  dry  steam  an  appliance  known  as  **  Morlil's 
steam  twirl "  is  much  used.  Fig.  1  I  I  represents  one  fonn  of 
armngement    apphed    to  a  comparatively   shallow    copper  sup 
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by  a  wooden  frame  work,  A  A,  B  B. 
pipe,  G,  passes  into  a  hollow  spirit  I 
of     whicb     is 


Tlie  steiim  from  thf? 
le,  DUE,  the  central 


ketit  sfi  that  the 
in   is  obliged   t<i 
through  the  con- 
luted  tuljes,  K  K, 
K ,  braced  tcigether 
ly    cross    pieces, 
~  H  H,   which   also 
I    aerve      as      stirring 
^^^nes.       By    means 
^Hr  the  bevel  wheels, 
I>  L,     worked     from 
the  shaft  and  pulley, 
"'  N,  the  twirl  is  set 
motion,    so   that 
le   cr»n tents  of  the 
ttre  thonmghly 
_  1  whilst  lieing 

leated  ufi.  The  con- 
densed water  blows 
off  at  E  with  the 
surplus  steam,  whilst 
C  is  the  discharge 
cock  of  the  pan. 
The  same  appliance 
can  also  he  used  with 
wet  steam,  the  con- 
vol u ted  tuljes  being 
pierced  with  holes 
no  aii  to  allow  part  of  the  steam  to  escape  directly  into  the  m*iss 
of  material. 

Soap  Coppera. — Formerly  the  vessels  in  which  soap  and  leys 
were  lioilecj  together  were  jnacle  of  various  kinds  of  materials; 
sometimes  of  masonry,  iron  bottoms  l>eing  provided  for  heating 
by  free  fire;  sometiraes  of  cast  iron,  like  the  pan  represented  in 
Fig.  lOlK  or  of  wrought  iron  plates  ri vetted  together  suljse- 
qiiently,  or  of  M'tHxIen  staves  strongly  bound  together  like 
on*irmou^<  tul>s,  wet  steam  iM^ing  the  source  of  lieat. 

These  forms,  however,  were  mostly  adjij^teil  only  for  use  with 

Suantities  of  jnaterial  small  in  comparisoo  with  those  in  use  at 
le  preseui  flay,  when  charges  of  30  to  40  t*>ns  and  upwards  of 
fatty  matters  are  not  unci*mmon  ;  a  more  recent  furm  of  soap 
kettle  Ls  a  cylindrical  or  conical  can h Iron  with  somewhat  rounded 
jipex,  phiced  base  upwards,  construe ti^l  of  boiler  plates  well 
ri  vetted  together,  as  indicated  in  Fig,  112;  the  degree  of  slope 
of  the  sides  {regulating  the  ratio  between  the  top  and  liottom 


no 
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fliamfiterH)  ant]  the  relation  IxHwe^^ii  the  depth  and  maxiinu]]! ' 
diameterH  vjvry  somewhat  in  d liferent  eoun tries — e,^.,  soap  fcettlei 
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OB  pattern  in  America  are  generally  from  two  to  three  times 
sep  as  they  are  wide,  sometimes  filling  a  building  of  two  or 
)  stories;  whilst  in  Britain  the  depth  rarely  exceeds  once 
lAlf  times  the  diameter,  still  shallower  pans  being  often  used. 
ypper  15  feet  diameter  and  15  feet  deep  will  turn  out  20  to 


Fig.  114. 

)ns  of  soap,  a  usual  rule  l^eing  to  allow  6  cubic  feet  capacity 
lit  37*5  gallons)  for  each  100  lbs.  weight  of  fatty  matters 
•ed,  or  about  135  cubic  feet  (nearly  850  gallons) per  ton;  so  that 
►per  holding  some  2,500  cubic  feet  (upwards  of  15,000  gallons) 
suffice  for  about  18  tons  of  fatty  matters  yielding  25  to  30 
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tons  of  soap  accordin*;  U>  the  amount  of  water  contaifjed  thertin. 
Fig.  113  represents  **  Morfit's  Steam  Serie^s,'*  a  set  of  three  coppera 
supplied  with  both  sets  of  steam  cuils  (wet  and  dry).  B  B  b  the 
steam  main  supplied  from  the  boiler,  A ;  K  Ls  the  wet  strain 
pipe ;  and  D  F  G  the  dry  steam  cciiK     The  lowest  part  of  the 


Fig.  115. 
copper  is  usually  provided  with  a  narrower  iMisin  or  hat-^hi 
tlownwiird  prolongation  for  the  more  easy  collection  and  stepau 
tion  of  wjitery  leys,  <fec. ;  in  the  tigtire  it  is  representee!  »i»  cm* 
neeted  with  a  draw  off  tuhe,  H,  I^nJ^illell  with  a  cock,  J,  FFF 
represent  "Curbs"  (iti/rn)  of  ditlVrvut  shapes  to  prevent  boDtrtg 
over. 
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Mga,  11 -4  and  115  represent  u  modern  form  uf  piin  for  heat* 
ing  with  either  dry  or  wet  steaiii  as  required^  constructed  \ty 
Messrs.  W.  Neill  «k  Son,  of  St.  Helens,  Lancashire.  This  is  a 
square  tank  made  of  steel  plates  ri vetted  together,  with  rounded 
oomers  and  dished  bottom,  the  square  form  l>eing  preferably 
employed  &s  taking  up  less  room  tlmn  the  circular  shape  requisite 
in  the  ci\se  of  free-firefi  coppers  provided  with  fiuu«  running 
round  the  lower  part  of  the  pan  (Fig.  108),  The  pan  is  fitted 
with  wet  and  dry  at  earn  coils,  and  ,1  cock  at  the  Viottom  for  run- 
uing  ofi*  SI  riiT  l^ys,  A  "skimmer  pipe"  Ik  provided,  working 
on  a  8wi\e  i  ."^i-t,  ami  capable  of  being  adjustefl  at  any  required 
~  eight  by  a  supporting  chain  ;  hh  represented  in  the  figure,  the 
uid  soaf  is  run  off  liy  gravity  through  a  down  pipe;  but  if 
required  a  nump  can  be  connecteil  at  the  cllwnv  instead,  a  cock 
being  affixed  to  shut  off  connection  when  the  pump  is  not  at 

An  airblast  has  been  employed  by  Dunn  for  the  purpusie  of 
intermixing  the  ley  and  fatty  matters  during  the  pr'eliminary 
Atage  of  ** killing  the  go<xl.s,"  and  the  sul)sei[uent  operations  when 
free-fired  pans  are  erapkiyed,  wdiereby  tumultuous  lx>iUng  is 
lurgely  avoided;  the  air  was  introduced  by  a  ^Mjlow^pipe" 
Arranged  in  much  the  same  way  as  the  more  modem  wet 
steam  ooiL  The  process  was  said  to  answ^er  well ;  but  has 
nowadays  fallen  into  disuse  through  the  subHtitution  of  steam- 
heated  pann  f*>r  free-fired  kettlen. 

Curb  and  Fan. — With  certain  kinds  <*f  materials,  and  parti- 
cularly at  certain  stages  of  the  operation,  tumultuous  boiling  up 
or  **  bumping/'  and  vigorous  frotljing  are  apt  to  occur,  more 
especially  when  oleine  aojq)  is  miule  by  the  tlirect  addition  of  hot 
carbonated  leys  to  free  oleic  acid  (reel  oils,  rifff  Chap,  xx.),  and 
during  the  *' graining'^  or  *' cutting"'  of  lioiletl  soaps — i,e,^  the 
th  ro win g  them  out  u  f  w  a  tery  sol  u  t i  t  *  n  s  \  >y  add  i  t iun  of  sal  t  ( tndc 
Chap.  XX.)  Two  appliances  are  of  consitlerable  utility  in  diminish- 
ing the  chance  of  Iosh  by  builing  over  under  such  conditions.  One, 
known  as  the  **curb,"  is  simply  a  temporary  ex|>atisiou  of  the 
upper  part  of  the  pan,  consisting  of  a  cunicab  circular,  or  barrel- 
shaped  addition  lx)lted  on  so  as  virtually  to  amplify  ctmsiderably 
the  dimensions  of  the  copper  at  the  top.  Fig.  11 '5  represents 
a  cone,  F,  of  wot>c3#*n  stavi-s,  h(K>ped  together  with  iron,  applie*! 
to  one  kettle,  and  a  barrel  sbapeil  analogous  curb  applied  in 
another. 

The  other  arrangemeiit  is  termed  a  "fan/*  Fig.  116,  and 
consists  of  a  sort  of  pair  of  paddle  \vheels  suspendetl  in  the  pan 
at  Buch  a  depth  below  the  .surface  as  may  Ije  ret[uisite,  .so  that  aj& 
the  paddles  rev*4ve  the  froth  is  brokeji  l»y  them  and  prevented 
from  rising  nji  and  boiling  over.  Motion  is  conmiunicated  to  the 
paddles  by  means  of  a  vertical  shaft  witli  l>evel  w*heels  at  top 
and  bottom,  the  shaft  being  telescopic  so  as  to  admit  of  being 
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|H  drawn  up  and  down  to  adjust  the  level  of  the  pfwldle 

1^^^        quired ;  it  rotates  within  a  tube  carrying  a  Y-Hhu{iwi  f 
^^^ft  each    em\y 

■  \  ^  1  ^  ll    J    \\        the     upper 
H               L     —         ll— ^-^Si^B  lE         B      — ^        shaft,     by 
^M                          T     T[      ^Iffii^g^  'Jl     T  which    nioti' 

■  V    ^^  ^^^^  j/     /  municaled    t 

^L  V  ^^^>^^^^^^^^^^'^  y  *^*^  *^^  *  ^ 

^^^^^^H  >^,^^     £1T  ^^^  bevel     whf*»"l 

^^^^^^H  \\  s^  hearings  for 

^^^^^^P  IMH'  ^^  imddk's. 

^^^^^  Soap     r 

H  *    i  When   thr- 

»  n  soapmal 

and      1 1 
(when  ^ch  iiiv 
remr  ed  Viy  8u\«td<fnct, 
tie.  the  reHuUnij;  ^^T 
UKoalty    fonPK    a  k«l  | 
semifluid  or  |ia«ty  loai 
which,  un  cooling,  moi 
or    less    thoroQglilj 
.solid]  6  es  to  a  soft  so 
Rulmtance.       In    on 
to  {acilitate  the  upfl 
tion  of  cutting  up  th 
rujLss     into     lars 
tablets  for  salr  vrilh 
Wftst-e,   the   hot  »o*p  »' 
run    by  gravitation*  or 
ladle<i,  or  puinj»e«J  otii 
of  the  copper  in  v*bicli 
it  is  made  into  *' frames/' in  which  it  in  allowe*!  t4i  Hotldify.     Tbf 


.1^ 


Fig.  IIB. 


pumps  used  for  this  purpose  are  generally  of  sijuiewhnt  dilTi'niil 
construction  from  the  ordinary  suction  pump  used  for  wells,  Af. 
Fig.  J  \1  represents  a  rotary  soap  pump  as  constructed  by  Hemef 
Brothers  of  Boston.     Instead  of  pu toping  out  the  soap,  it  mar 
more  conveniently  l>e  run  off  by  gravity  by  means  of  the-  ttdjuife— 
able   ** skimmer   pipe''   shown    in    Fi^.    IH.    the    fnunes    ht^il^jH 
arranged  sf)  that  their  tops  are  at  a  level  Ijelow  the  eUK>w  j<iil^* 
of  the  pipe, 

A  method  sometimes  used  for  emptying  kettles  and  rauuflg 
their  contents  to  a  liifjfher  elevatiiin  was  introduced  by  Gia 
consisting  of  the  Jijiplication  of  a  cover  fitting  airtight,  and 
forcing  in  ccimiires^inl  air»  so  \m  to  press  the  seinitiuid  ^Hiap  i 
pipe  the  lower  end  uf  which  tlips  into  the  kettle  to  the  re^uifl 
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the  level  of  the  pa^lc 
tabe  carrying  a  Y-shaptid 
each  end,  1 
heing  suspei 
the  upper 
shjkfi,  by 
vhidi  inoti^ 
inviucated  i 
tk*l  sbaa  t 
berd     wha 

^   fin 

_      J 
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&l,  but  iron  being  considerably  more  convenient  in  other 
For  toilet  Kijape,  frames  holiUng  1  cwt.  or  le&s  are  often 
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Fig.  121. 

t^injiloyetl ;  for  scouring  suaps  much  lari^or  ones,  furnishing,'  ulti- 
mately H  hlock  of  cDtjl*^d  suajj  weigbin^^  ^^,  10,  15,  or  nii»re  cwts.* 
Fiji,  ns  itnlicates  the  way  in  which  a.  wooden  fi-ame  may  be 
built  uji  of  a  .set  of  stjuan^s  fte^i;ccl  tnjyjether 
and  supt^i'iKiserl  on  a  Iwittoni  Iwtanl.  Fig.  119 
represnnls  a  frame  fonatructe*!  of  galvanised 
iron  plates  where  the  enda  fit  into  groovrs 
formed  by  turning  nmnd  the  corners  of  the 
Hide  plates,  or  fitting  pieces  of  angle  iron 
thereto;  the  sifle  and  end  plates  are  sinnlarly 
fitted  to  the  iron  Ijotttrm^  arnl  the  wht»h_'  kept 
together  by  two  tmtis\erHe  hkIh  at  the  top 
titled  with  screws  and  nuts.  Fig.  120  repre- 
sents an  iinprovec!  form  of  steel  Hoap  frame, 
mounted  on  four  wheels,  and  held  together 
bv  cap  fastenings. 

^^^len   the   IjIdcIc    of   snap    has    ct>mpletely 

»ciKjled  down  atnl  set  snlitl^  the  frame  is  taken 
to  pieces  and  the  l>lock  cut  into  slabs,  wliicli 

are    then     transversely    cut     up     into    luirs. 

When  til  is  is  done  by  harjd  tlie  block  is  cut 

in  a  very  simple  ffishinn  by  simply  |>ulliiig  a 

h>oi>ed  wire  (Figs*  121  and  122)  thnmgh  it 
f  hori^onUilly  so  as  to  cut  thnmgh  the  mass 
[ntong   a   series   of    paraHel    lines    previously 

Hmrked  i*n  the  outside  by  means  of  a  scribe  (Fig.  123),     Slabbing 

and  barring  machines  of  variims  fiixtterns  are  fre(|uently  employed 

for  til  is  [»urj>ose  (Fig.  124).      When  it  is  requisite  that  the  soap 

*  Foraicrly,  the  ai/,e  of  the  Boap  fraiiiea  wjis  fixed  hy  excise  laws  and  rcgida 
if  oil?!,  and  renuired  to  he  45  inches  long  hy  15  witle,  inaide  measnrenicnt, 
and  not  le*H  than  45  inches  deep  {tiBimlly  nuuie  oU  to  (id  intihea  deep) ;  so  as  to 
liotd  some  I'l  to  2(1  cuhic  feet,  or  alxntt  1^  to  11  cwta.  of  soap.  Although  uo 
totiger  compulsory,  thb  size  is  still  largely  employed. 
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soap 
I  m  |]»  bm  (T%,  l^K 

^   tlifti'ili   tl  CVt  gGUBt^ 

3  Ifas. ;  UieT  Jve  vswdlj  stfttked  in 
'file  iM  dnr  lK»  omtad^  oli^llj  ati  as  W  e»^ 
^  as  ii  ipore,  or  aftse  are  siomi  ora  Uctier 
viv^  Ad««a  iA  an  opeD  rack  allovin^  &ee  acscan  of 
aic    Witti  ygy  wmirt  aaf%  thk  dryii^  actiaa  iaapt 
to  go  toD  fiu;  waipiag  the  bar  out  of  skape^  btaidei 
caaan^g  it  u»  lose  ipci^ife  laigfly ;  aooonfiaghr  tmA  bm  are 

the  oataideL  Of  kiP  yeare  a  ooMadcgabie  dcoMgui  hig  ^roig 
ap  fa- 1  Ik  falDcfa  imwimA  of  3  Ih.  I»rft  ;  mcli  blocka  are  gcaicr- 
aUjr  mi  ta  aiae  aad  dHpe  aad  tbett  stainped  like  loilat  oite  ts 
iBBiilar  latt^inea  Imt  €#  hir^er  mm  (p  444).  Oftea  tht  Uock  k 
^TDirred  in  the  cmtie^  eo  tlwt  it  can  he  readilj  bn:»ken  into  tvi»; 
or  thwr^  grooves  are  stamped  at  ecpucUatiant  intenrals  eaaKifng 
four  -i  ox,  blocks  to  be  obtiunedL 

Crutcbifig  Maehiugg, — FormerW^  when  it  was  reqiusile  id 
s^lir  ap  soap  onutaitiing  exoeas  of  «ater  in  tbe  <^ni^it*g  fraimrs  lo 
ItrrTcnt  its  separating  into  two  Uquicls,  a  peculxar  hand  worked 
o^lAtttr  termed  a  *^  cratdi  *  was  kurgelj  used,  coflgiattng  of  a 
i«4|iiare  pieee  of  buaid  witb  a  baadle  attadied  to  tbe  fseaire  vH 
the  sqiiane  perpendicolar  to  Ha  plane  (Fig.  126  > ;  by  plangtag  tkii 
vntif  the  pa^fT  m^icH,  and  working  it  ap  and  down^  a  " 
ffficient  imxing  was  brought  about.  Sucb  impleinenta 
in  iiae,  especial! j  for  small-scale  operations,  but  hare  been 
superseded  bj  mixing  machines,  the  operation  of  agiial 
their  means  l>eing  still  spciken  of  as  ^^crxitching,"  Ftir 
mixing  .*iilicate  or  resLnate  of  soda  solution  with  lx»iled 
large  ijufintities  at  a  time,  or  for  otherwise  working  in 
."ft^ilution.H  to  dilute  and  harden  the  soap  or  impm^  e  it«  del 
fjualities^  or  *'  tilLing  "  of  various  kinds,  as  well  bja  for  presenting 
neparatian  of  watery  fluid  from  the  mass«  such  niaebines  are 
largely  employed.  Various  forma  are  employed — Fig  127  repre- 
sents a  horizontal  cylindrical  form,  with  a  rotating  internal  arle 
provided  with  projecting  vanes  for  stirring  up»  the  conteuts  ;  ^  hen 
required  for  rapid  cuoUiij:;  «*r  heating  an  outer  jiicket  is  ^pUed 
int4i  which  water  or  steam  can  be  admitted  as  required 
(Fig.  VIS). 

Figs.  129  and   130  represent  a  series  of  three  era tchiug  pans 
arranged  so  as  to  be  worked  frf>m  the  same  shaft     By  uieani 
of  the  clutches  indicated,  any  one  of  the  three  can  be  set  ia^ 
mot  inn  or  stopped   as  required :    the    stirring    vane^s    are 
horiy.onUtl,   projecting  from  a  vertical  a.xle,  similar  fixed 
Ifoing  arranged  internally  so  an  to  prevent  the  liquid  mass  fi 
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r«iinply  swinging  round  antl  rouml  without  l>eing  broken  up  and? 
intermix«?fl. 

In  another  form   of  mix  ins;    machine   twn  sets  of  v:ini's  are 


provided,    moved    in    opposite    difections    by    means    of  Itevel 

wheels,  ime  axle  being  hollow  and  the  other  working  inside  it 

like  the  axlea  carrying  the  two  hands  of  a  watch.     The  vanes 

rfilope  at  an  angle  of  45*,  so   that    the  material  is  continually 
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lifted  and  the  dilTerent  layers  intermixed,   the  gener&l 
reeembling  that  of  an  ordbmry  eggwhisk.     Large  steam  drive 


hig.  \::k 


Fig,  126. 


Fig.  127. 

«izes  are  very  efFective ;  hiat  if  worked  t4X>  nipidly  the  mas&  is 
apt  to  Ixjcome  frothy.  For  very  stiff  soap,  an'  archimedean 
screw,  working  iiiside  ii  wider  cylinder,  answers  verv  welL 
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Toilet  Soap  MacMiiery,  —  In  the  manufjietu re  of  various 
kinds  of  tr*ilet  st«i]is,  sfnnnil  sfwcial  kinds  nf  appliances  are  used 
arying  in  their  iifiture  with  the  process  adopted.  When 
stock "  soaps  preparetl  on  the  large  ncale  are  "  re  melted," 
for  the  purfKjse  of  blend in;^  together  fhtierent  kinds,  with  the 
addition  of  ctiloiirinnj  nrscentin*^  nmterials,  ii'c,  a  steam  jacketted 
pan  is  generally  preferreil,  somewhat  after  the  fashion  of  Fig.  110; 
as  the  soap  (previously  cut  up  into  small  lumps)  melts,  it  is 
mixed  toirether  eitlier  hy  hand  crut^-bing  (supn/)  or  by   means 


^ 


Fig.  V2S. 

tf  some  form  of  a^^itatj jr ;  too  rapid  a  movement  must  not 
he  communicated  to  this,  otherwise  air  bubbles  are  stirred 
ill  and  the  soap  becomes  more  or  I  ess  frothy,  forming  a  spongy 
mass  when  solid.*  Figs.  131  and  \*V2  rej*resent  a  very  effec- 
tive form  of  remelter  constructed  hy  W.  N'eill  k  Son,  where 
the  heating  action  of  the  outer  steain  jacki^t  is  greatly  amplified 
"by  means  of  thi3  internal  ci-oss  steam  pipes  ;  the  pieces  of 
soap  are  etiutinually  brought  in  contiict  with  these  by  the 
motion  of  the  agitating  arms,  and  as  a  largo  heating  surface 
is  thus  brought  intu  play  the  remelting  inTK*eeds  rapidly. 
When  finished,   after  intermixture    of  the   various   ingredients 

•  **  Floating"  soaps  are  purposely   prepared   in   this   way.  enough  air 
|t»ubbles  bcini;  worked  m  t*>  enable  the  tablet  to  tinat  in  water,  even  after 
oiupreBBion  in  the  fttatiipmg  prc««. 
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Fig.  132. 
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mtended  to  render  ibe  soap  emollient^  to  scent  it,  or  othenrise 
to  in]pro%*e  its  qualities,  the  tiuid  muss  is  ca^t  in  small  6:ftixies  so 
«a  to  form  blocks  of  J  cwt.  or  upwards,  according  to  drcois* 
stances ;  usually  these  are  made  of  iron  plates  bolted  together,  is 
infiicated  in  Fig.  11 9,  bo  as  to  cooi  quickly  and  avoid  as  &r  a£ 
possible  loss  of  volatile  scenting  materials,  and  the  injurioQi* 
effect  of  heat  thereon.  The  blocks  when  cold  are  then  slabbed 
and  barred  bv  hand  or  machine,  and  tbe  lais  cut  into  short 
lengths,  each  of  which  is  then  stamped  into  tablet  form  by  tomt 
form  of  press  acting  on  the  principle  of  a  coining  press,  whttt 


Fig.  133. 

both  sides  of  the  coin  or  medal  are  embossetl  at  once,  a  rin«:  or 
collar  being  adjusted  round  the  meiial  so  as  to  prevent  its  jwell- 
ing  out  sitleways  under  the  pressure*  A  large  variety  of  tablet 
stamping  machines  are  in  use ;  some  are  worked  by  hand,  lh« 
upper  die  and  collar  being  attached  to  a  rod  or  plunger  worked 
by  a  lever  provided  with  a  balance  weight,  so  that  by  forcibly 
pulling  down  the  lever  the  die  descends  and  stamps  the  tablet 
Fig.  133  represents  a  machine  of  this  description,  and  Figs,  134 
and  135  ii  steam  stamping  machine,  where  the  impact  of  the  Hie 
is  given  by  letting  steam  into  the  cylinder  by  means  of  the  \^^^ 
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handle,  so  that  the  piston  suddenly  rises,  and  consequently 
depresses  the  plunger  to  which  the  die  is  attached  on  the 
opposite  side  of  the  axis  of  motion.     In  another  form  of  machine 


Fig.  134. 
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Fig.  136. 


the  requisite  impact  is  given  by  raising  the  upper  die  to  which 
a  considerable  weight  is  attached,  and  then  letting  it  fall,  pile- 
driver  fashion. 

In  the  case  of  transparent  toilet  soaps  made  by  the  spirit 
process  (Chnp.  xx.\  the  pan  in  which  the  solution  of  the  soap  in 
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iscfcctrd  b  ccniDected  with  a  Ktill  head  and  w«>nii«  moi 

i^apours  CTolved  are  condensed  and  rej^juned.    With  i 


l«f  tliis  dM^  the  liquid  soap  left  when  most  <>f  the  spirit  »  I 
off  is  mn  into  frames,  so  as  t<»  gelatinise  and  wilidifj, 
antl  is  tiieu  e«t  up  into  tablet  blanks,  which  are  ex[«o«ed  to  iht  1 
air  for  a  ccmsidefable  length  of  time  (several   weeks  r»r  even' 
^ia  a  wmrm  rooni^  90  as  to  consolidate  them  by  gnuiuaJ 
%ii  renydning  alcohol,  «!t:c.^  otherwise  they  would  lie 
loo  waH  t«i  krt^  their  shape  properly.     Moreover,  when  freshly  ] 


k 


Fig.  itiu, 

preftarefl  tho  mass  isoflen  **roudd3';'*  but  on  keeping,  it  gmdtollj 
becomes  tnins|wirent  and  clear* 

Milled  Soaps,— Much  more  elaliorate  machinery  is  requi^ttf 
for  the  uijuiufacture  of  •*  niille*!  "  soaps.  The  bars  of  stock  aoip 
are  first  **  strippe<l  "^t.r.,  cut  int4i  slices  or  chips  bv  a  sUdaf 
machine,  actuated  like  a  rotary  plane  or  vegetable  ailtcr. 
Fig.  KiG  n*presents  Rut^hmann's  stripfii ng  machine.  The  chip 
are  dried  in  a  wnrm  air  chaml>er  until  only  a  few  per  cf'ui^. 
of  moisture  are  retained,  and  arc  then  ground  between  »uc«!e»»Hiv«f 
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of  heavy  ln»rizorital  rr>lkrs»  so  armngfed  that  the  soap  first 
passes  between  ^u.  1  and  Nri.  '2  riiUers,  then  between  No.  2  and 
No,  3,  and  so  on,  somewltat  as  in  the  ease  fif  seed  cruMhiug  for 
oil  extraction  (p.  'J!8)»  Each  roller  is  matle  to  revolve  somewhat 
filBier  than  the  previniia  one,  su  that  the  soap  sliees  are  nob 
merely  cnmhfd  in  passin^x  through,  hut  are  also  ruhhed ;  the 
MMipiLlwayB  adheres  to  the  more  quickly  moving  roHer,  so  that  it 
passes  onwards  automatically.  By  means  of  *^  doctors  '  or 
scrapers,  it  is  detached  from  the  last  roller  in  strips  or  ribbons, 
l^wbicb   are  returned   to  the  front  of  tlie    machine   and    passed 


|£r 


throujL^h  a^ain  and  again.      Fig*  1^7  represeiUs  a  ff»rm  of  mill  for 
the  purpose. 

In  order  to  facilitate  the  preliminary  drying  of  the  stock  aoap» 
A.  it  E.  des  Cressonnieres*  use  a  series  of  rollers  arranged 
vertically  erne  above  another  in  an  enclosed  i^pace  heated  by 
'Am  or  hot  air,  kc.  Soap  in  a  just  lluifl  sbite  from  the  remelter, 
,  passes  in  a  Hat  streaTU  frrmi  a  hopper  on  to  the  top  roller^  the 
csontact  with  which  partly  solidifies  it ;  the  resulting  seniisolid 
sheet  passes  alternately  from  right  to  left,  and  i-irf  lyrt-nl,  between 
each  successive  pair  of  rr*llers,  as  in  the  mill  itself,  finally 
emerging  at  the  bottom  in  the  form  of  a  solid  sheet,  which  is 
separated  Viy  an  automatic  cutter  into  strips.     The  temperature 

•  Engliah  pat  en  t,  No.  2,446.  18(K). 
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of  the  cliamb«r  ami  t\w  rate  of  si  jap  sii|>ply  are  so  arljusted  tli*i 
the  strips  are  sutlicitMitly  drifHl  by  the  time  they  emerge. 

When    the    variou.s    stcx^k     soaps    used,    cx^Iouring    in  Altera, 
perfuTTies,  unguents    (laiioHn,    vaseline,    spermaceti,    *fce.,   o&  n^  j 
quired    in    spefial   cases)^    or  medicinal    agents,   are   thf»roughlyl 
incurpi*rated  togetlirT  in  the  mill,  the  whale  mas»  (if  not  over-l 

dried)    becomes    compara- 
tively   soft    and    pUstia 
much    OR    partially   dried j 
putty  is  softened  by  roU 
io;^  and  working  it  in  tii^ 
hand.      When  thonjugUj 
intermixed,     the    rihlxitu 
Ntripj^»ed  off  the  lasl  roller! 
are    strongly    compressedJ 
together :  in  one  chvss 
machine   by    filling  then 
intfi  a  liarrel  or  cylinder'^ 
jirovidtnl    with    a   e<iiiical  , 
end     terminating     in     aj 
nozzle,    and     forcing    tljcj 
mas8  outwards  by  means  ] 
of  a  pillion  worked  by  a  • 
screw    <»r    by    hydraulic 
power :    the    plastic   rib*  i 
Fig.  i:ts.  Iniris  are  thus  *•  squirted  " 

tiutwards      through     the 
nozzle  a,^  a  continu*>us  bar,  which  in  then  cut  into  short  lengths  and 
stamped  lolo  tablets.      In  another  cla,ss  of  '*  plotting  uiacbine/**^ 
the  rtV»lMm8  are  made  to  fill  fr*»ni  a  hopper  inU)  the  gn^jves  of  J 
large   conical   archimerlean   screw    working   in   a    funnel    sba|)CKll 
barrel,  terminating  in  a  nozzle  of  appropriate  size;  as  thei^^rewl 
revolves  t!ie  soap  is   gradnally   prcipelbxl   onwanls  tuwardi*  th^  ' 
nozzle,  and  on  account  of  the  tliminisliing  tiiameter  of  the  wnnu, 
becomes  strongly  compressed  together^  mo  as  finally  to  issue  from 
the    nozzle    us  a    tirni    solid    bar,    which    is    then    cut    up  ondj 
atarapeti  as  before.     Fig.  1 38  represents  Beyer's  plotting  machinal 
working  on  tliis  prineiple. 

Cylindrical  .ind  spherical  snap  tablets  luul  Wfish  l*u.ll*^  ai-esomt* 
times  prepared  ;  these  are  usurdly  stamped  into  appr*>ximately  tJic 
i-equirefl  shape  by  means  (jf  suit^iblo  presses,  or  by  band,  and  wbt?tt| 
sufficiently  tlry* finished  by  turning  and  i^ndisbing  in  a  kiml  of  lathcf 
In  order  to  give  a  polished  surface  to  soup  tablets,  a  raethodj 
fret|uently  employed  is  to  expose  them  to  wet  steam  for  a  few! 
seconds,  which  glazes  the  exterii>r.  More  expensive  varieticii 
arc  sometimes  jxtlisbed  by  hand,  using  a  cloth  dipped  ia' 
alcohol^  itc. 

*  From  the  French  iLTm,  *^ ptlotctfff^**  applied  lo  this  3<)Diritag  pr<»coit. 
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CHAPTER    XX. 
MANUFACTURE    OF    SOAP. 

1  compareil  with  metallurgical  and  textile  industries  the  art  of 

fipinaking"  is  not  possesseil  of  any  claims  to  great  antiquity  ; 

ac  ancients  were  aciiuainted  witli  the  detergent  power  of  wood 

shes  (vegetalile  alkali)  ami   prrthably  also  with  that  of  nnneral 

oda  or  tuitrotK*  but  do  not  appear  to  Inivi-  known  anything  of 

ae  j>roducta  of  the   action  itf  these   suhntances  *m   oleaginous 

uaterialsf  no  mention  of  any  sucli  conipouinls  lieinLC  tu  be  found 

Hnmer  or   other  early  Gret;ian  autiiors  ;  whilst  the   Hebrew 

erm    httrlth  f    used    by   the   prophets   Jeremiah   and    Mjilachi^ 

nltliuitgh  trariiilated  **  soap,"  appears  to  have  almply  meant  wood- 

Pliny  the  ehler,  however,  in  the  first  century  A.D.  de-icribed 
■n  sort  cjf  imperfect  soft  soap  made  from  goat's  tallow  and  the 
alkali  from  bet^chwood  ash;  and  also  a  harder  variety  (possibly 
got  by  the  artioii  uf  salt  on  the  former,  producing  sorla  soap)  ; 
I       ami  another  writer  in  the  second   century  in   a  work   entitled 
^k/^«    SimpfirifttJi    Jfeffiraminihus    refers    to    a   softer    ^^  German " 
^HfSirtety  of  snap  (probably  chietly  made   fr<nn  the  ashes  of  land 
^Hklant-s)  and  a  harder  *' Gal  be  "  form  {probably  derived  from  sea- 
^^^eed  ash).     Later  still,  soapmaking  appears  to  have  been  some- 
what more  extensively  practised,  as  the  remains  of  a  soap  factory 
have  been  found  at  Pompeii. 

Soapmaking  PrOGegses.^ — The  variations  in  tlie  different 
Diethofls  by  which  soaps  are  prepared  on  the  manufacturing 
.scale  are  somewhat  numerous^  but  all  may  ho  conveniently 
classified  under  one  or  other  of  the  three  following  heads,  so  far 
as  the  essential  pfirts  of  the  soap  producing  processes  are  concernecL 
In  many  cases,  however,  various  subsequent  operations  are  gone 
tlirough  before  the  goods  are  finally  ready  for  the  market,  con- 

t listing  either  of  mechanical  cutting  and  shaping  opei-ations,  such 
tts  existing  into  blocks,  cutting  these  up  intt*  sktbs,  bars,  and 
inblets,  and  sbimping  tfie  latter  into  shape  in  appropriate  presses; 
br  of  the  addition  of  other  substances  to  the  soap  before  cooling 
I 

•  Proverba  xjtv.  20.— "As  vinegar  upon  uitre  [or  soda^  marginal  note, 
Revised  Version],  so  is  he  timt  fsiugeth  songs  to  an  liea\y  heart,"  The 
frothy  ijon  ptrniaiient  effervesce  rice  »lnc  to  the  action  of  the  acid  on  mtfrort 
is  tlowhtless  what  is  here  allmlcil  to ;  acetic  acid  and  nitre  (potassium 
nitrate)  Imviiig  no  mutnal  action  whatever. 

t  Jeremiah  ii.  22.  —  "Wash  thee  with  lye,  and  take  thee  much  soap/* 
Malachi  UL  2.  — *'Like  a  retiner's  tire  and  Uke  fuller's  soap/^ 
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or  solidifying,  so  as  to  increase  its  detergent  properties ;  or  to 
give  it  special  c|iialities  (e*//.,  disinfecting  iiction);  or  to  harden  it, 
so  as  to  enable  more  Wiiter  or  other  weight-giving  "filling"  to 
}>e  added  witliout  rendering  it  too  soft  for  ordinary  scouring 
purposefi,  ttc. 

I,  Direct  Neutralisation  Processes. — Where  free  fatty 
acids  and  alkalies  are  brought  together  and  converted  into  soaps 
by  directly  neutralising  one  another,  with  or  without  evolution 
of  carbonic  acid  gas  according  as  cjirlxinated  or  caustic  alkalies 
are  employed.  Obvit>usly  no  glycerul  is  produced  in  the  formation 
of  soaps  of  this  kind. 

The  free  fatty  acids  thus  employed  are  practically  almost  con- 
fined to  the  **red  oils  *  of  the  eandlemaker  (p.  386)^  t.^.,  the 
liquid  fatty  acids  expressed  from  the  mixed  products  of  saponi- 
ficAtion  leaving  behind  the  solid  acids  (commercial  '*  stearine  **). 
Certain  distilled  and  recovered  greases  (such  as  Yorkshire  greast 
from  the  suds  of  w<iol  scouring,  Jtc,  Chap,  xii,)  are  of  similar 
character,  aufl  are  sonietiiiikes  intennixed  with  red  oils  for  Uj« 
purpose  of  soapmakiiJg  in  this  way  ;  but,  as  a  rule,  they  are  no^ 
suitable  idone  for  the  preparation  of  so^ip  of  good  quaUtv. 
Resinate  of  soda  (rosin  dissolved  in  soda  ley)  use<l  in  the  manu- 
fiicture  of  rosin  soajis  {ift/nt)  is  a  product  of  precisely  similar 
nature,  excepting  that  the  rosin  acids  do  not  belong  to  the 
urdinary  fatty  acid  families  described  in  Chap.  IIL 

II.  Soapmaklng  Processes  where   Glycerol  is  set  free 
but  not  separated  from  the  resulting  Soap. — In  these  pro- 
ceases   natural   glyceriiles  are   employed,   being  acted   upon  by- 
alkalies  (usually  caustic)  used  in   regulated  quantity   so  aa  i 
suffice  to  saponify  the  total  fatty  matters  without  introducinj 
any  large  excess  of  alkali ;  the  strength  of  the  ley  being  mi 
such  that  the  product  V»ecomea  more  or  less  solia  after  cooUni 
and  standing,  the  glycerol  consequently  being  contained  in 
product. 

To  this  class  behmg  more  particularly  $ojl  »oap$  made  by 
boiling  together  appropriate  oils,  &c.,  and  potash  ;  marine  soof^ 
and  ft  if  fir  a  ted  iivapit  prepnreil  in  similar  fashion,  mostly  with 
soda  and  largely  from  cokcrnut  or  palmnut  oil ,  socalled  cM 
2}roc€ss  soaps  of  various  kinds,  more  especially  certain  forms  of 
transparent  soaps,  perfumer's  soaps,  and  analogous  products;  and 
certain  kinds  of  soap  prepared  under  pressure. 

Ill*  Soapmaking  Processes  where  the  Glycerol  set  free 
and  the  resulting  Soap  are  separated  from  one  another. 
— In  these  processes  the  essential  feature  is  that  glycorides  are 
more  or  less  completely  saponiiietl  l>y  iKiiling  up  with  compara- 
tively  weak  alkaline  leys,  and  the  suap  formed  **  salted  out 
addition  of  brine  c<r  solid  salt  so  as  to  separate  it  as  a  pasty  nu 
from  the  watery  fluid  in  which  the  glycerol  remains  dia!?olv 
The  half  made  soap  thus  obtained  is  then  finished  by  one 
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Other  of  various  processes,  leading  to  the  production  of  some 
variety  of  "curd,*  **mottlt*d/*  ur  *' fitted  soap;''  whilst  the 
watery  liquors  are  either  thrnwn  away  or  utilised  by  boiling 
down  Sf>  as  to  reco\'er  mure  or  leas  of  the  flissolved  salt  for  uae 
;>ver  again^  and  ultimately  ril>tairi  the  glycerol  in  an  impure  form 

'(vifj^  Chap,  xxii,)  As  regartls  the  magnitude  of  the  HL'ale  un  which 
they  are  made,  and  the  total  quantity  manufactured,  boiled  s*>ap8 

.of  this  class  are  the  most  important  of  all.  Additional  materials 
frequently  added  to  the  soap  thus  prepared  for  special  pur- 
jse^— r',//.,  silicate   of  soda,  borax,  an<i    aluminate  of  soda,  to 

Kncrease  the  detergent  action  of  liousehold  and  laundry  scouring 
Boaps  ;  sulphate  and  carbonate  of  soda,  to  stiHen  and  harden  the 

Isoap,  and  prevent  it  from  wasting  too  rapidly  in  use  ;  resinate  of 

■soda,  in  the  manufacture  of  yellow  soaps  ;  carbolic  acid,  creosote 

loils,  and  similar  substsiTices,  in  the  manufacture  of  disinfecting 
ips;  ami  so  on,     When  potassium  carbonate  is  thus  added  to 

Imolten  soda  soap  in  not  too  large  a  quantity  double  decomposi- 
tioTi  takes  place  between  the  sodium  salts  of  the  fatty  acids  and 

[the  potassium  carbonate;  thus  in  the  case  of  stearaie — 


Bodium 

Potonaitini 

PcitiUBlutn 
Sl4?*raU' 

Sodrum 
Carbonate. 

2Na.C,,H350, 

+ 

KjCOn      = 

.      2K,Cj«H3505 

+ 

NasCOa 

Tlie  re^sult  of  this  is  accordingly  the  formation  of  a  certain  pro- 

I  portion  of  comparatively  soft  potash  soap  instead  of  the  harder 

tsoda  .soap,  which  alters  the  texture  of  the  mass  ;  this  operation 

[of  "pearlashing  "  is  consequently  employed  in  the  preparation  of 

certain  kinds  of  toilet  soaps  (^Injht),     On  the  other  hand,  if  fatty 

matters  be  saponified  with  lx>iling  potash  ley,  and  the  resulting 

8oap  salted  out  with  ordinary  salt,  the  opposite  kind  of  change 

takes  place,  soda  soap  and  potassium  chloride  being  formed — • 

L^*ff.f  in  the  case  of  palmitate — 

S(M)ll]ltl 

NaCl 


PolMllUTn 


K. 


Pcilnjulntn 
Cbl.trlde. 

'KCl 


8i»dlam 


In  the  earlier  days  of  soapmaking,  when  woodash  w^as  the  most 
available  form  of  alkali,  this  reaction  w^as  of  some  technical 
importance  as  enabling  a  hard  soda  soap  to  be  obtained  in  lieu  of 
a  soft  greasy  product ;  but  although  the  eilect  appears  to  have 
been  known  and  the  operation  practised  to  some  considerable 
extent,  it  is  doubtful  if  the  chemical  nature  of  the  change  waa 
imderstood  until  recently  (vide  Chap,  xxi,} 


DIRECT  NEUTKALISATION  PE.OCESSES. 

The  1 1  reparation  of  soap  by  the  direct  combination  of  free  fatty 

I  acids  and  alkalies  is  an  extremely  simple  operation,  more  especi- 

'  ally  when  the  alkali  is  caustic;  all  that  is  required  is  a  suitable 

mixing  pan  provided  with  an  agitator  so  that  the  fluid  ingredients 
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W  intimately  iiiterniixed.      Fi|?.    139   repr^^^efUs  • 
|ick«^tteii  \^\n  >^'ith  stt-nm  pipes, />;> ;/,  projecting  trpwarrls  into 
Uie  Mli»  whilst  uii  iigittttor^  ^,  wnrkcfl  fiy  iK^vel   ^  mf^j 

a  mnm  of  v<»rtic4U  vaues  projectini,'  downward^  so  s  att 

bmktn  up  by  tho  iuterlaciiig  of  the  pipes  and  vanes  Anolb« 
fenn  of  AgitAtor  cousi.si:s  r»f  two  seta  of  rods  or  vanes  mmk  Ut 
ivvolvt*  in  opposite  directions  by  tnerins  of  bevel  wheels.  Thf 
ml  oiK  «^c^»  ^l^  ntu  into  the  pan  (sioAm  jacketted  far  Ur^ 
op^'nUious)  tuid  hent^d  up  ;  the  alktdine  ley  i^  gradually  run  ia 


^ 


Fig.  im 

with  ttfiit«tJon»  and  finally  the  hot  pasty  mass  transferred  to  i 
**fhunc  *  in  which  it  solidifies  to  a  block  of  soap. 

A  slight  surplus  of  alkali  is  practically  imperative  in  order  tu  m 
ensure  complete  conversion  of  the  fatty  acid  into  soap ;  dii*  ■ 
surplus  mostly  remains  disseminated  through  the  mass  aa  it 
solidifies,  although  a  small  quantity  generally  e^cudes  as  a  watery 
Uuitl ;  by  cai-efully  i*egulating  the  quantities  used  the  excess 
may  when  i*e*juisite  be  diminished  consideralily  below  that  indi- 
cated in  the  exauqtle  given  Ijelow,  where  5  piirts  of  free  alkuli 
iir©  reckoned  for  40  combined^  I'epi'esenting  a  ratio  of  I  to  " 


fc^ 
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or  12-5  to  IDO.  On  tlie  other  luiiid,  for  mtaps  intended  to  be 
highly  detergent  ji  hLrtcfr  excess  of  alkali  if?  intentionally  used. 

CarlK>nated  alkali  is  sometimes  used,  jn.stead  of  caustic,  in  the 
ireparation  of  *'oleinp  soap''  (Morik's  prtjces^) ;  of  late  years, 
owever,  the  facilities  for  obtaining  solid  caustic  soda  hh  a  com- 
mercial pnxluct  have  increasefl  so  lar|Lrely  that  the  slight  saving 
in  etjst  effe*?teil  hy  the  use  of  the  f^irnier  is  generally  consitiered 
to  be  more  than  outvv-ei;L?he«l  by  tho  increased  amount  of  trouble 
involved  in  the  process.  When  emph>yed,  the  mixing  pan  in 
fitterl  with  a  large  movable  "  curlj  ''  (a  funnel  or  l^arrel  shaped 
top— Fig.  113)  in  whicli  the  froth  rises,  due  to  the  Hberatifiti  of 
carlxinic  acirl,  and  the  operation  is  carried  out  somewhat  more 
slowly  to  avoid  frothing  over. 

With  inferior  soaps,  largely  made  from  recovercfl  greases  and 
such  like  materials,  silicate  of  smla  is  somc^times  mixed  or 
*' crutche<l  ^'  into  the  mass  when  the  condiination  is  eomplete^ 
just  before  running  into  the  frames.  For  this  purpose  crutching 
niacliines,  such  as  those  represented  l>y  Figs.  127  to  130^  are  con* 
veniently  used.  Resiuate  of  sixla  is  also  employed  as  an  ingredient 
to  increase  the  deter^yent  ;icti*m.  On  the  other  hand,  with  soaps 
required  Ut  c^ontain  as  little  free  alkali  as  possible,  Jiot  only  is 
great  care  taken  to  retlucc  the  proportion  r»f  free  alkali  present 
Uj  the  minimum  consistent  with  proper  c^judrination  of  the  fatty 
acids,  but  in  special  cases — e,f/.,  for  wool-scourhig  soaps  and 
80iip«  usetl  in  the  silk  industries,  further  means  are  adopted  to 
render  the  small  excess  innocuous.  One  method,  frnind  iu 
practice  to  be  very  effective  (juitentetl  by  the  aiith(»r),  consists 
of  the  aihlitioii  of  a  regulated  t[uantity  of  an  ammtnnacal  salt 
(uHuaily  (Hssolved  in  a  nnnimum  of  water)  to  the  ]>asty  mass, 
and  well  incorporating  l»y  a  crutcliing  machine  or  otherwdse 
before  running  into  the  frame.  Any  free  alkali  is  thus  neutralised 
by  the  acid  contained  in  the  ammoniaeal  salt,  with  the  formation 
of  an  equivalent  amount  of  free  aiomfmia.  This  latter  mostly 
escapes  when  the  .soap  is  cut  into  bars  and  stored,  but  the  little 
that  niinains  is  beneticial  rather  than  injurious  to  w^ool  and  silk, 
unlike  the  original  free  tixed  alkali. 

Resinate  of  sothi  is  often  prepared  for  iiiterinixture  with  soaps 
of  various  kinds  by  boiling  up  rosin  with  rather  less  than  twice 
it8  weight  of  soda  ley  of  about  ]\V  T.  (specilic  gravity  1*08),  con- 
taining about  7  per  cent,  of  NaUlT  *  until  comj>letely  dissoh^ed. 
The  liquid  sets  to  a  sort  of  thin  jelly  when  cold,  cojit4iJtiing  the 
soda  salts  of  the  rosin  acids  anfl  more  or  less  excess  of  alkali, 
accordifig^  to  the  quantity  used.  Ajiy  kintl  of  pan  will  answer  if 
furnLshed  with  a  wet  steam  coil,  or  with  an  agitator  and  some 
other  suitable  means  of  heating,  Morfit's  steam  twirl  (Fig.  111^ 
p.  429)  answei-s  welL 

*  The  saputdHcattoii  equivalent  of  rniiiu  usually  Ucs  hetween  3.10  ftml  370, 
»o  that  lOt;  mrts  of  rosin  correipomi  with  hetwcen  10*8  and  12'1  partB  of 
KaOH. 
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Calcnlation  of  Quantity  and  Strength  of  Liey  required, 
and  of  Composition  of  resulting  Soap.— The  (jujiutity  <*f  lf>' 
of  9k  given  sirengtli  employed  depends  partly  on  the  mpan  equj- 
Talent  of  the  oleine,  itc\,  u*jed^  and  partly  on  the  amount  of  rjccesv 
of  alkali  intended  to  W  added  tu  ensure  complete  neutmli^tion 
and  communicate  extra  detergent  properties  to  the  soap;  wbiUt 
9km  exact  strength  employeti  dependvH  on  the  pniportion  af  water 
tlw  finished  soap  is  intended  to  contain.  Assuming  the  oitim^ 
lo  be  pure  oleic  acid,  its  sa{K>niticution  equi%'alent  would  \n^ 
282 — i-e,,  282  parts  of  oleine  would  neutralise  40  of  NaUH  in 
accordance  with  the  reaction. 


OMicAckl 


Supposing  the  ley  to  be  a  pure  solution  uf  sodtuin  liydnjxiUe.  if 
snioi  a  quantity  were  used  as  would  contain  45  jiart«  of  NaOH* 
5  would  conseijuently  remain  un  neutralised,  or  the  *^  free  alkali  ' 
would  liear  to  the  **ci>nihineil  alkali*  the  ratio  5  to  40  =  1  to  S 
IV  12*5  per  cent.;  if,  then,  140  piirts  of  ley  wei*e  used,  containing 
45  of  NaOH  (32 '1  per  cent.),  nei;lecting  mechanical  losses  ainl 
evaporation*  the  resulting  masn  would  consist  of  2S2  +  140  -  4:i^ 
parts,  made  up  thus — 

.'JO  I  parta     - 


Soiiiticn  olmtct 

Excess  of  eaartie  soda. 

Watei 113 

422 


72-04  per  ocau 
20-78      „ 


lOOW 


fl 


The  113  parts  of  water  are  made  up  of  140  —  45  ^  05  parts  con- 
tained  in  the  ley  used^  and  18  parts  formed  by  the  above 
raactlon. 

If  a  proportionately  larger  amount  of  weaker  ley  wejT  used 
containing  45  parts  of  NaUH  in  1(>0  (28*1  per  cent,  of  NaOH) 
the   resulting    mass  would  consist   of  282  -|-  160  «=  442   pMti» 
le  up  thus — 


Sodium  olcate« 
Kxcess  of  caustic  sod*, 
Water,     , 


304  parts  =  0^*7S  p«r  cent 
5     .,      -     1  IS        M 

13a    *,    ^  :joo9 


442 


lOOUO 


On  the  other  hand,  if  a  proportionately  less  amount  of  stnjfi^ 
ley  were  uschI   euntnining    45  parts  of  NaOH  in   120  (37  5  per  j 


cent,  of   XaOH)    the  composition 
=  402  parts  would  be — 

Sodiimi  oleAte, 
Excess  ot  alkali, 
Water,    . 


L>f  the   resultbig  282  ^ 


304  parts  =  75  62  per  cent. 
5     „      =     1-24        „ 
m     M      -  23  14 


40S 


100*00 


CALCULATIONS.  455 

In  similar  fashion  the  strength  and  quantity  of  ley  requisite  for 
any  other  given  mixtures  of  free  fatty  acids  can  be  calculated  ; 
thus  suppose  the  mean  equivalent  of  the  fatty  acids  to  be  E,  and 
that  the  surplus  free  alkali  is  to  be  n  per  cent,  of  that  combined 
as  soap ;  then  for  E  parts  of  fatty  acid  a  quantity  of  ley  must  be 

used  containing  40  x  — --tttt —  =  0  4  x  (100  +  n)  parts  of  NaOH 

altoffether.      With  a  ley   containing  saline   matters   (chloride, 
sulphate,  &c.)   representing   m  parts   per    100   of  NaOH,    the 

quantity    of  saline    matter   will   be    ^^^  x  0*4   x  (100  +  n)  = 

0-004  X  m  X  (100  +  n);  so  that  a  weight,  W,  of  ley  will  contain — 

NaOH, 0-4      X  (100  +  n) 

Saline  matters,  ....      m  x  0004  x  (100  +  n) 

Water,      .  .         .     W  -  0004  x  (100  +  m)  (100  +  n) 

Hence  the  total  water  present  will  be — 

18  +  W  -  0-004  X  (100  +  m)  (100  +  n). 

and  the  resulting  soap  will  consist  of — 

Sodium  oleate,  E  +  40-18 =E+22 

Excess  of  NaOH,  j^  X  40 =04  x  n 

Saline  matters,       ^  x  0*4  x  (100  +  n) .         =  0*004  x  m  x  (100  +  n) 

Water W  +  18  -  0004  (100  +  m)  (100  +  n) 

Total, E  +  W. 

Suppose  that  w  parts  of  resinate  of  soda  solution  be  added  to 
the  soap,  consisting  of — 

Resinate  of  socla, a  parts. 

Excess  of  NaOH, 6      „ 

Water, tr  -  (o  +  6)     „ 

then  the  total  mass,  neglecting  mechanical  loss  and  evaporation, 
will  consist  of — 

Soap  (sodium  oleate  +  resinate),    .        .        .  E  +  a  +  22 

Excess  of  NaOH, 04  x  n  +  6 

Saline  matters,      ....        0004  x  m  x  (100  +  n) 
Water,     W  +  ir  +  18  -  (0004  (100  +  m)  (100  +  n)  +  a  +  b} 

Total, E  +  W  +  w. 

If,  on  the  other  hand,  w'  parts  of  silicate  of  soda  be  added, 
containing — 

Silicate  of  soda  and  other  saline  matters,      .        .        c  parts. 

Excess  of  NaOH <£     „ 

Water, »<^'  -  (c  +  d)    „ 
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then  the  total  mass  will  contain — 

Sofiiiiin  oleate ,         .         E  4-  S 

Excess  of  NaOH,  ,         .         .         .         .         .         •        0'4  %  n  -  d 

Sodium  silicate  aiul  otber  saline  matters,    .    0  004  x  m  (100  t  i»)  4  ^ 
Water.        .  W  +  w'  +  18  -  { 0^4  ]  100  ^  m}  (100  -  »)  +  c  +rf} 


Total, 


These  various  fiuantities  ai-e  readily  calculated  into  per- 
centages when  the  values  of  E,  w,  ?*,  a,  //,  r,  r/,  W,  tr,  rr  ji» 
given  for  any  particular  case  —  p.i/.,  suppose  E  =  -80,  n  =  10, 
m  =  12,  and  \V  =:=  1-50  in  the  case  of  a  soap  not  treated  with 
resinate  or  silicate,  ttc,  then  the  composition  is — 

SoiUiim  oleate,       .         .         .        2S0  +  *2li  ^  302  0     =  70-23  per  ceot. 

Excess  of  NaUH,  .        .         ,         04  <  10=^  4  0     =  O'OS 

Saline  matters,      .         .      0'U04  x  12  x  110   =  5-2B  =        113        „ 

Water,       .     150  +  18  -  0-004  x  112  x  110  =  118  72  =  27  01 


Total 2S0  M50   -  43(1  UO  ==    100  0<) 

and  similarly  in  other  ciises. 
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SOAPMAKING  PBOCESSES  WliEHE  THE  GLYCEROL 
IS  8ET  FREE  BUT  NOT  SEPARATED. 

The  methods  of  this  character  may  be  di%'ided  into  three 
classes  according  to  the  temperature  and  pressure  employed  la 
socalled  **cold  process '^  soapji  the  materials  to  l»e  sajxmified  and 
the  alkaline  ley  are  intimately  intermixed  in  oj^en  ve^els  at 
temperatures  usually  considerably  l>elo\v  the  U»iling  point,  aad 
allowed  to  stand  nntd  the  action  is  complete,  the  ieyii  used 
bein^'  i»t'  sullicient  strength -to  yield  a  product  not  to«i  mtmt 
"Hyd rated"  soaps  (including  "marine"^  soap)  juid  ^•^jolt-iioapfi 
are  prepared  hy  Viotlirig  ttigether  the  materials  under  the  nnlitmtj 
pressure  ;  whilst  soaps  prepared  untler  increased  pre-s.sun?  are 
treated  in  closed  vessels  so  as  tu  obtain  a  still  higher  t^mi»eralufe 
for  tlie  pui^ose  of  shortening  tlie  operations  and  rendering  them 
more  complete.  In  all  eases  the  amount  of  jdkali  employed  luosT 
be  carefully  proportiom^d  to  the  quantity  of  fatty  matters  used 
and  their  mean  sajiwnitication  equivalent,  otherftise  either  an 
imperfect  soap  will  result  containing  more  or  less  unalterefl 
grease  owing  to  the  use  fif  a  deficiency  of  alkali,  or  &  strongly 
alkaline  c>ne  through  the  use  of  ttwi  great  an  excess.  8onietioics 
these  two  faults  occur  simultanecmsly  through  the  action  not 
having  been  completely  carried  through  ;  this  h  not  unfrequenlly 
the  case  with  soaps  made  on  the  small  scale  with  highly  scented 
materials  (perfumer*s  soap),  where  avoidance  of  much  rise  of 
temperature  is  indispensable,  .since  otherwise  the  deliciicy  ctf  the 
odour  would  be  deteriorated,  so  that  the  protluct  is  apt  tocouUin 
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'simultaneonsly  uiialterefl  fjitty  glyceriiles  find  uiicomUinc^d  cnustic 
alkalL  ^^(.^aps  of  this  kind,  linwever,  have  now  lieeii  largely  driven 
out  of  tlie  market  by  '* milled"  toilet  sDSips  where  the  evil  effect 
of  lieat  on  delicate  perfumes  m  avoided,  and  at  the  sumie  time  a 
iperfectly  made  sc:«ip  ensurefl,  Ijy  mixin;^  a  piod  kind  of  stock 
«oap  with  the  scenting'  materials,  ttc,,  hy  jiiaehinery,  grinding 
theui  t^igether  in  the  i'f»M  (ride  irtjht^  also  ]>.  44G). 

Cold  Process  Soaps.— For  the  preparation  of  cold  processN 
ACkaps  on  the  large  seale  a  **  Hawen'  Imiler"  is  convenient.  The 
£itty  matters  (tallow,  either  alone  or  ndxed  ^vith  palm  oil  or 
lard,  and  preferably  a  small  ijuantity  uf  cokerniit  oil,  the  presence 
of  which  facilitates  the  sapfaiitit^ition ;  or  (jther  similar  nuxtures) 
are  introduced  into  a  pati  sueli  tin  fcliat  indieatpd  in  Fis^^  1 40,  or  into 

horizonttd  cylinder.  Fig.  141  (5  to  G  feet  tliaaieter),  provided 


Fig.  HO. 


Fig,  141. 


■with  a  mechanical  agitator  and  heated  till  sufHeiently  lluid,  usually 
to  about  45'  0,  (aVuJUt  115"  F.)  Strong  st>da  ley  of  alxmt  specific 
gravity  1*33  (60^  Twaddell,  containing  about  24r  per  cent,  of 
KaOH)  is  then  run  in  in  suHicierit  quantity  (approximately  two 
partfl  of  fat  to  one  of  ley,  the  exact  proportion  varying  with  the 
mean  saponifi cation  ei[uivalent  of  the  fatty  matters),  with  con- 
tinuous agitation  until  the  whole  Ijecomes  pasty  and  thoroughly 
intermixeil ;  the  paste  is  then  run  out  into  a  wotKlen  frame  and 
well  coveretl  u|»  to  keep  in  the  heat;  as  warmth  is  pnKluced  by 
the  saponification  changCj  the  mass  does  not  cool  until  the  action 
is  completed  ;  at  first  the  change  takes  |>lace  oidy  languidly,  but 
after  a  while  it  becomes  more  rapiil  and  the  msiss  senniljly  heats  ; 
by  and  bye  as  the  fiction  ajtproaches  com|>lerion  the  temperature 
►^begins  to  fall  again.^  If  the  materiats  are  tiio  highly  heated  at 
first  the  pttste  is  apt  to  be  too  Huid,  ho  that  nnsaponified  grease 
;,and  watery  ley  tend  to  separate  partially  durijig  the  period  of 
Standings  thus  yielding  an  imperfect  product.  Instead  ot  soda 
,alone  a  mixture  of  i^oda  ami  ]K>ta>ih  (the  former  largely  pre<lomi- 
Hating)  is  often  employed  witli  the  object  of  obtaining  a  product 
of  superior  texture. 
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Certain  kinds  of  transparent  soaps  (often  termed  "glycerine 
8oaps  •')  are  frequently  prepared  by  means  of  a  modificatioa  of 
the  cold  prt3eess ;  the  warm  fatty  materials  employed  (of  whicb 
castor  oil  is  generally  a  considerable  in^Tedient  on  account  of 
its  ready  aaponi liability  and  its  tendency  to  form  translucent 
soaps)  are  intimately  intermixed  with  soda  ley  (and  in  certain 
cases  a  small  proportion  of  alcohol)  ;  soluble  cfjlouring  matters 
and  essential  oils  and  other  scents  are  then  stirred  in  and 
the  whole  alkiwed  to  stand  untd  saponilic^Uion  is  coniplet-e: 
with  soitidDly  chosen  ingredients  and  pix>|X)rtions  the  resulting 
block  of  soap  is  more  or  less  transparent,  the  presence  of 
the  glycerol  formed  on  sapjn ideation  tending  to  cause  the 
srwip  to  assume  a  *^ colloid"  or  gum  like  structure  instejwl  of 
the  semicrystalline  opaque  condition  usually  developetl  iu 
ordinary  hard  soaps.  When  alcuhol  is  not  used  as  an  iiij^e* 
<lient  in  the  mass,  the  transparency  is  usually  ouly  iuj perfect, 
but  by  incorporating  extra  glycerol  instead  a  highly  transparent 
mass  can  be  readily  i:il)tained.  Cane  sugar  effects  the  same  result, 
and  is  generally  em|iloyed  instead  of  either  alcohol  or  glycert3l 
on  account  of  its  cheapness ;  but  the  eftect  on  the  nature  of  the 
resulting  product  is  by  no  means  the  sanie^  iniismuch  as  saccharinp 
substances  are  apt  to  produce  a  very  unpleasant  irritating  effect 
when  applied  to  highly  sensitive  skins  {ladies',  l)ahies\  invalids , 
and  so  forth).  This,  moreover,  is  apt  to  be  greatly  aggravate*! 
by  the  presence  of  a  more  or  less  considerable  excess  of  alkali  in 
the  soap  inasSj  necessarily  adrlcd  to  effect  complete  saixiniti cation,* 
inasmuch  as  mutldiness  is  apt  to  be  produced  if  any  of  the  fattv 
glycerides  remain  unchanged,  which  is  likely  to  be  the  case, 
unless  some  excess  cif  caustic  alkali  is  present.  It  acoirdinglv 
results  that  many  kinds  of  transparent  sociilled  **  glycerine  soaps" 
are  of  the  worst  po.ssible  quality  from  the  point  of  view  of  liability 
to  excoriate  and  irritate  extren)ely  tender  skins;  although  their 
appearance,  when  afctnictively  tinted  and  agreeably  scented^  render 
them  apparently  very  elegant  articles. 

The  cheaper  kinds  of  transjmrent  soap  of  this  description  arc 
often  extensively  **  fillefl  in  '*  with  liquid  paraffin  and  petroleum 
hydrociirbons  wfdch  possess  the  property  of  blending  with  the 
sugary  soap  mass  without  seriously  interfering  with  either  it^ 
consistency  or  transparency  ;  talking  into  account  some  20  to 
25  f»er  cent,  of  **  loading"  thus  introduced,  together  with  some 
12  to  IB  per  cent,  of  sugar,  and  20  to  25  percent,  at  least  of 
water,  it  often  results  that  the  actual  soap  present  does  not 
exceed  3ri  to  40  per  cent,  of  the  mass.  On  the  other  hand,  a 
well  made  soap  where  the  minimum  possible  excess  of  alkali 
only  has  been  used,  where  the  rate  of  aaponiiicatioa  and  ten* 

*  TrJUiH parent  soaps  mailo  by  the  *V«pirit  pr(»ccaa"  [infra)  are  genenJly 
free  from  this  defect,  although  oa  usually  sent  into  the  market  tbeyooiitvn 
coiU!i<lerable  amouul^  of  cane  augar. 
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lency  to  colloidal  structure  of  the  product  have  been  intensified 

[by  the  use  of  an  admixture  of  spirit  in  the  ori^lnul   ruaterials, 

fjether  with  a  little  glycerc>l   insteiul  of  sugar,  ajid  w  lie  re  no 

iing  has  been  added,  not  unly  c(»ntains  a  far  lar^^er  proportion 

of  useful  ingretiients  of  much  IjHeiter  c|ualit y,  but  also  for  that  very 

^feason  resists  the  wasting  and  solvent  action  of  water  (especially 

when  hot)  mueli  more  completely,  and  isconwecjuently  much  more 

gnomical  in  use,  as  well  as  comparatively  free  from  conroBive 

ion  on  delicate  skins. 

Soft  Soaps. — Potash  soaps  ai>pear  to  possess,  on  the  whole,  a 
iter  tendency  to  assume  tlie  colloid  form  than  soda  soaps,  in 
jnsequence  of  which,  w^hen  prewired  from  suitable  fatty  matters, 
ley  are  more  inclined  to  be  jelly-like  and  trannparcnt  or  trans- 
lucent, than  to  form  comparatively  hard  ofiaque  semicrystalline 
aasses  like  ordinary  scMJa  soaps;  moreover,   they  are   generally 
"juescent,   so  that  they  do  not  readily  dry  up.     The  precise 
5  of  a  given  D\ass,  hfiwever,  largely  depends  on  the  tempera- 
ture, as  in  cold  weather  crystalline  grains  often  fornj,  more  especi- 
ally when  the  fatty  matters  used  contain  palmitic  or  stearic  acid : 
soap  exhibiting  this  peculiarity  {known  iis  ^^  hgging  ")  is  gener- 

tally  supjtosed  to  btJ  of  superior  (luality  for  that  reastui,  although 
pn  what  grounds  it  is  dtilicult  to  say  ;  the  granular  aj^pearance 
is   sometimes   imitated   by  mixing  in  starch,  clay,  steatite,  ifec. 
Jjinseed  and  other  drying  oils  (poppy  seed,  hempseed,  ikc.) ;  non* 
drying  and    senjidrying  vegetable  oils   (such  as  rape,   camelina, 
and  cotton  seed)  and  aimilar  animal  oils  (train,  liver^  and  tiah 
^Hjpils);  together  with  the  '^  red  oils'*  <i)f  the  caridlemaker  (crude 
^Blleic  acid),  are  those  most  largely  employed  in  the  manufacture 
^Hof  soft  soaf)s,  a  little  till  low  lieing  atldetl  to  furnish  stearate  for 
^^*  figging,'*  and  in  many  cases  indigo  in  small  quantity  so  aa  to 
^^give  a  greefdsh  sliade  (Ijy  conjunetitm  with  the  yellow  tinge  of 
the  untinted  soap);  this  tint  being  natural  to  hemp  seed  oil,  and, 
^^herefore,  artificial  ly  i  mi tated  in  tjther  cases.    When  whale  and  fish 
^Ibils  are  employed  aa  unpleasant  smell  is  apt  to  be  communicated 
to  linen,  *S:c.,  washed  with  such  soap.     Considerable  practice  and 
skill  is  reijuisite  in  boiling  soft  soap,  although  the  actual  opera- 
tions are  of  the  simplest  character  ;  the  *■  copper  "  or  pan  (usually 
made  of  iron  plates  ri vetted  together  iMjiler- fashion — Fig.  112) 
in  which  the  l>oiling  tidces  phwe  was  fonuerly  monnted  over  a 
free  fire,  but  is  now  generally  heated   by  means  of  two  steam 
coils,  one  for  ^Mry  steam*'   (*>.,  simply  a  coil   through   which 
superheated  steam  circulates  so  as  to  heat  up  the  erm tents  of 
the  pftn),  the  other  for   **  wet  steam  **  {i.e,,  a  C(*il  perforated  with 
boles,  so  that  when  steam  is  let  in  from  the  boiler  it  escapes  into 
the  mass  through  the  holes,  heating  it  up  and   becoming  itself 
condensed,  until  the  temperature  is  so  high  that  the  steam  simply 
blows  through).     Figs.  114,  115  illustrate  a  pan  fitted  with  the  two 
kinds  of  steam  coils.     The  mixed  fatty  matters  are  run  into  the 
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copper  so  as  to  fill  it  to  about  one-fifth  or  one  fourth  of  it^  cjipnejtj 
the  whole  in  then  heated  up  (hy  free  fire  when  that   is  u.seii»  lij 
meann  of  the  ilry  steam  erul  if  no  free  fire  is  enipk^yetl),  an<l  whili 
heating  j>otash  ley    (usually  of  specific  gravity  107   to    108) 
Hlnvvly  run  in.      i  lii.s  ley  is  found  hy  ex|(erience  to  act  Ijetter  i 
not  completely  causticised,  a  jxn'tion  (some  15  to  23  per  cent,)  < 
the  alkali  l>ein^  Htill  car^Ktuatefl  ;*  the  heat  shctuld  be  **oapp[i<* 
anil  the  rate  ^lf  supply  o*' ley  «o  atljusted,  that  by  the  time  that  i 
volumn  i»f  liquor  alwmt  equal  to  that  of  the  oil  has  lieeii  run  in 
the  whole  mass  is  beginning  to  boil  ;  to  prevent  frothing  overi 
**  fan  "(Fig.   116)  is  conveniently  arranged  over  the  pan.     The 
!)oiling  is  ccmtinued  with   wet  or  dry  ste^im,  usually  Ihe  fomierii 
with  lurther  additirms  nf  ley  from  time  t<:»  time,  until  the  prQjj< 
oon^sisteney  antl  ap)>earance  are  arrived  at  as  judged  by  t  tkiid 
out  samples  find  quickly  chilling  them  ;  as  ]on**  as  an  insulhcieal 
quantity  of  ley  has  been  msed  a  visible  appearance  of  unsLipouifie 
fat  is  manifest,  giving  a  peculiar  border  to  t)ie  sample  ;   whilst  ll 
excess  has  Iveeii  addeil  the  samj^le  more  *>r  less  tends  Vj  sefkaratl 
into  two  dilferent  prutions,  one  of  sriap^  the  other  of  watery  liquo 
in  tins  case  more  oil  (agitated  and  emulsified  with  a  little  wea 
liqncu'  to  citable  it  to  mix  better  with  the  boiling  mass)  is  adde 
anfl   so  on   until    the   sample  sets  to  a  clear  translucent  masail 
Finally  the  wet  steam  is  shut  o(f  and  ihe  mass  Ixiihxl  either  bj 
dry  steam  or  free  fire  until  sufliciently  concentrat^l  by  evapon 
tion,  when  the  finished  snap  is  barrelled  or  put  up  in  c^uisten 
or  drums  for  sale, 

Home  makers  prefer  1 1  use  stronger  leys  in  the  first  instano 
(specific  gravity  1-120  to  M50  -  24'  to  SC^  Tw.),  whereby  le* 
boil  if  ig  down  is   requisite  in  the  final  stage.     In  some  cases 
mixture  of  ptitash  and  soda  leys  is  employed,  the  lormer,  hoy 
ever,  always  ccmstitnting  more  than  half  »if  the  total  alkali  (tiO  I 
75  per  t  ent/)     Soft  soap  containing  soda  is  apt  to  become  luuddjl 
in  cold  weather,  and  hence  is  preferably  mmle  rmly  in  summer. 

The  exfict  nature  <>f  the  mixture  of  fatty  matters  employe*!  i| 
gene  rally  reganled  as  a  valuable  trade  secret;  the  relatis 
pn»poriions  of  the  const  it  uen  Is  are  often  varieii  somewba 
acconling  to  the  season  :  in  winter  the  consistenf\v  of  the  pnxluc 
is  usually  much  greater  than  in  summer,  8o  that  in  the  forme 
case,  such  a  mixture  is  employed  as  wcnild  (fur  the  same  atmo 
spheric  temperature)  give  a  softer  jelly,  and  V'irfi  t^rstt  Fo 
household  Htift  sonps,  silicate  of  soda  (or  pt>tash)  is  sometime 
mixed  in  with  the  finished  soap,  whilst  rosin  is  often  julded  i 
the  fatty  mixture  employed  as  l;asi« ;  wheri  the  swip  is  ii>t.ende 
for  silk  and  wrK>l  scouring,  In»wever,  such  admixtures  are  highljf 

'  When  tlie  ioft  soap  in  required  to  \mb  as  ncftfly  neutral  h«  po*«>i 
hoftated  alkali  lit  uihleBirable  us  teiulinj^  to  give  &  product  c* 
W^Gr  amoiuit  of  "free  ulkali "  than  that  Dbtainabte  bj^  tho  jun 
of  cftutitic  alkali  free  from  civrbotiate. 
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iou'*»  partly  Ijecxiuse  of  the  presence  of  Kilicatocl  alkali  in  tlie 
which   htis  a  very  had  eflect  fm  the   fil»re  ;  partly  Ijecatise 
ftps    thus    treated    usually    eon  tain    a    larj^jer    pn^portion    of 
Incombined  potash  or  soda,  or  hoth»  thao  genuine  well  made  soft 
[ip.    It  is  ^'enerally  suppjosed  that  hecauHe  tirrlinary  woulgrease 
Buint)  naturally  contains  mueh  fmtash  and  hut  little  stxin,  tliere- 
>re  soda  has  a  rrmre  injurious  tu:ticni  on  wool  fihre  than  jKitiLslL 
Lpart  from   the  s^unewhat  illo^^ieal  charaeter  of  this  reasooing, 
jiowever,  there  clues  not  seem  tu  be  any  experimental  evidence 
l^xtant   to  sht»w   that   this   is  really  the  case  ;  tm   the  contrary, 
Experience  seems    rather  to    inditate  that,    provided   a  soap  i^ 
emsibly  uf^fifrttf  {i.t.^  devoid  of  alkali  uneomlaned   with    f:itty 
cid**),  it  is  but  of  little  conse<iuence  whether  it  Im*  a  potash  soap 
yr  a  smla  soap  as  I'egarxls  iu,]ui*y  to  the  fibre  nf  wool  durinL^'  use 
scouring;   on  the  other  hand,  a  highly  alkaline  pntash  si>ap. 
Otherwise  pure,  exerts  more  deleterious  aetion   than  a  cnrnpara- 
fcively  neutral  soda  soa]> ;  although,  without  doubt  an  alkaline 
la    soap,    espeeially    if  Kilioate<h    is    extremely    tjbjectionahlt', 
*robably  the  prejudice  respecting  the  superiority  of  potash  over 
K:la  soaps  for  wool  set >u ring  is  largely  due  to  the  inferiority  of 
Lie  sfida  (si heated)  soaps  now  manufactured  in  great  quautity  for 
household  aeountig  purposes,  when   compannl    witii  potash  soft 
'sojips  of  go<Kl  quality  4vs  regards  the  amount  antl  nature  of  the 
alkaline  constituents  present  other   than   true  soap*i — i.e,^  com- 
pounds with  fatly  acids  ;  for  a  well  iua<le  sinla  (oleine)  soap  devoid 
tjf  silicate  or  other  forms  of  **  free  alkali,''  such  as  the  dealkalised 
Lftoap  described  on  p.  4~y\  ap]>ears  to  be  in  practice  tprite  as  well 
l^stiit^d  for  wool  scouring  |iurposes  as  thr  hi  st  potash  soft  soap 
obtainable, 

Hydrated    Soaps,  —  The    term    '' hydrated    soap"    is   often 

applied  t^j  soap  ruanufactured  in  much  the  same  way  as  soft  siKip, 

hut  made   witli   soda  as  alkali,  and  with  fatty  niatters  of  such 

nature  as  Ui  furnish  a  ct>mparatively  hard  oiimpie  i>roiluct  rather 

^^  than  a  soft  jellylike  mass.*     Cokernut    or   ]>a!m    kernel   oil   is 

^■generally  an  ingredient  in  tiie  mixture  *»f  fatty  matters  used,  its 

^■presence  facilitating  the  .saponihcation  of  otln^r  fats  less  readily 

^■attacked  by  alkalies ;  when  this  substance  cruistitutes  the  great 

^■tuajority  or   the  whole  of  the  mass,  the  product   is  known  «* 

^BfiiariVi^  aonp^  as  the  solubility  in  brine  of  the  soda  salts  formed 

^^frora  cokernut  oil  is  sufficient  to  enable  it  to  form  a  lather  witli 

«eawater. 

Mari^ne  Soap. — This  is  readily  prepared  by  billing  up  together 

with  wet  steam  cokernut  or  palm  kernel  oil^  ami  strong  soda  ley 

^Jcif  specific  gravity  about  1'15  to  1*175  (30°  to  50"  Tw.),  the  latter 

^H  *  In  flermany^  soap  of  similar  character  ia  oft<?n  d<?S!gnatc<l  *:>*chirefffr 
^^ft#ei/^c  ;  in  AiulticOi,  thti  term  '*  Swiss  soap'*  is  siniihirly  applieib  Soa^m  of 
^Vthta  kiml  aro  often  intermixed  with  boiled  soaps  contaiaia>;  no  glyccroh  s<^» 
r       as  to  form  products  of  mixed  cbarckcter. 
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Ijoiiig  run  in  slowly.     Saponification  proceeds  very  rapidly  when 
once  commenced,  the  mass  frothing  iip  largely,  and  requiring  j^_ 
large  pan   and  curb  to  avoid    loss   by  boiling  over.     A   boiliii|^^ 
temperature,    in    fact,    is   not    absolutely   necessary,    nor    eve^^ 
desirable  to  begin  with,  as  the  heat  liberated  by  the  action  rapidly 
raises  the  temperature,  whence  the  copious  frothing.     Owing 
the  low  sajKihilietttion  ei|nivalpnt  of  cukernut  oil  (about  210 
215)^  a  much  larger  quantity  fjf  alkali  is  requisite  to  bring  abon 
ooTJiplete  saj>onitleatio!i  than  is  the  case  with  most  other  kinds  < 
fatty  matter ;   100  parts  of  cokernut  oil  corre«j:»ond  with  abctH 
19  <jf  XaOH,  wherii'as  100  parts  of  tallow  represent  only  aboii 
14   parts   of   NaOH   (mdt>  infra).     A   consirierable   quantity 
silicate  of  suda  is  generally  run  into  the  finished  mass  and  we 
'*  crulohed  in"  (i,e.^  iritf^rmixed  by  agitation);  the  eflect  of  this  i 
greatly  to  intensify  the  natural  tendency  of  cokernut  oil  soap 
form  a  tolerably  solid  mass,  even  when  incorpijrated  with  a  ( 
siderable  amount  of  water;  so  that  ailieated  marine  soap  nh^ 
contains  less  than  20  per  cent,  of  actual  scmp  (sodium  salts 
fatty  acids),  and  upwards  of  70  per  cent,  of  water     Such  a  soap 
when  heated    alone,  generally  septinites   into  two  distinct  sut 
stances,  \tz.,  a  watery  solution  of  silicate^  lixv,  and  a  pasty  ina 
of  actual  soap.     On  account  of  this  tendency  to  separation,  xl 
crut-ehing  of  the  original  mass  must  be  prolonged  until  solid ific 
tion  is  tulerality  fir  mlvanced,  in  order  t^j  ensure  a  uniform  pf 
duct.     As  a  general  ruk^,  the  price  at  which  such  highly  water 
soap  is  sold  is  not  rediu'ed  to  anything  like  the  extent  that  wou 
eorresp<uid  with  the  amount  of  water  added. 

Hydraled    soaps    made   from    mixtures   containing   palm   oil 
tallow,  Imjuo  fatr  hnrse  grease,  itc,  are  sometimes  silic*it^,  ha 
are  more  frequently  hardened  by  crutching  in  a  stn^ng  solulici 
of  srtfliuni  carbonate  (stmietimes  together  with  siMlium  sulpK; 
whereljy  not  only  extra  detergent  quality  is  comniunicaterb  bii 
also  a  greater  degree  of  firmness,  enabling  a  larger  prop<>rtiou  i 
water  to  be  present  without  rendering   the  soap  too  soft 
sale;  tfie  term  "  by  li  rated ''  (or  "watered"'),  indeed,  is  origiiuillj 
derived  from  the  circumstance  that  the  method  of  loauuffictur 
enables  a  product  to  be  obtained  containing  a  much  larger  pr 
portion  of  water,  and  a  correspondingly  less  quantity  of  iictui 
soap,  thari   wiis  formerly  practical jle  with  **  boiled  soaps  '^  of 
third    class.       Even    with    these,    however,    it    has    been    fouB 
possible  to  produce  an  analogous  result  by  somewhat   simitfl 
de%ices,  more  especially  by  cautiously  crutching  in  stiline  solution 
(sixlium  silicate,  c^irWnate,  tSre.)   whilst  cocilin^^  and  solidify i 
{vifJr  tn/rft), 

Hydratod   Soape    prepared   under   PresBtire,  —  A   Ian 
numlier  of  patents  have  been  taken  c»ut  fnmi  time  to  time 
various  processes  and  modifications  of  plant,  intended  tt>  short'<3 
and  simplify  the  manufacture  of  hyd rated  soaps  by  ouising  tk 
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reaction  to  occur  at  a  more  elevated  temperature  under  increased 
pressure.  Thus  Tilghmann  proposed  the  use  for  soapmaking  of 
the  same  plant  as  used  by  him  for  hydrolysing  glycerides  by 
water  alone  (p.  38o).  The  apparatus  that  has  been  generally 
found  to  answer  best  is  some  kind  of  autoclave  where  the 
mutually  adjusted  quantities  of  fatty  matter  and  lye  are  either 
run  in  through  a  manhole  or  pumped  in  through  a  pipe,  and 
then  heated  up  either  by  means  of  a  free  fire  or  by  blowing  in 
high-pressure  steam,  much  as  in  the  manufacture  of  "  stcarine  '^ 
for  candlemaking  (p. 
373).  Fig.  142  illus- 
trates  Dunn's  plant, 
consisting  of  a  ver- 
tical boiler,  B,  with 
manhole  and  safety 
valve;  the  fat  and 
ley  are  pumped  in 
through  the  safety 
pipe,  A,  and  the 
finished  mass  ejected 
through  the  empty- 
ing tube  and  cock,  C. 
Heat  is  communi- 
cated by  means  of 
free  firing,  the  tem- 
perature attained  be- 
ing determined  by 
means  of  a  long- 
stemmed  thermo- 
meter, inserted  in  a  tube  filled  with  mercury  or  paraffin  wax, 
projecting  inwards  into  the  boiler.* 

In  Bennett  and  Gibb's  process  a  horizontal  boiler  furnished 
with  an  agitator  is  employed,  somewhat  similar  to  that  used  by 
Hawe's  (p.  457) ;  into  this  are  continuously  pumped  at  one  end 
the  fatty  matters  to  be  saponified  and  soda  leys  not  causticised 
(sodium  carbonate  solution),  containing  the  appropriate  quantity 
of  alkali  (30  to  33  parts  of  soda  ash  at  48  per  cent.  Na.>0 
dissolved  in  100  of  water  to  100  of  fatty  matter).  At  the  other 
end  the  finished  soap  mass  emerges  through  a  weighted  exit 
valve,  the  pressure  being  maintained  at  220  to  280  lbs.  per 
square  inch  (about  15  to  20  atmospheres,  corresponding  with  a 

*  This  boiler  also  serves  for  the  preparation  of  silicate  of  soda  (or  potash) 
solutioiL  The  boiler  is  charged  with  broken  up  flints  or  quartz  pebbles  and 
soda  ley  of  specific  gravity  1*15  to  1*175  (30"*  to  35"  Tw.),  and  is  gradually 
heated  up  until  a  pressure  of  4  to  5  atmospheres  is  attained  (corresponding 
with  a  temperature  of  about  150"  C),  which  is  maintained  for  some  hours. 
At  the  end  of  this  time  the  soda  has  dissolved  silica  to  approximate  satura- 
tion ;  the  liquor  is  then  blown  off  into  a  settling  tank,  and  the  clear  portion 
used  for  intermixture  with  soap. 


Fig.  142. 
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teiji|>oiMttire  of  190^  to  iiir)"*  C.)     At  this  higher  teniy»eratxire  1 
carltfHJutofl  filkHli  is  Btutal  by  the  itiveutor  to  act  jis  erticieutly  i 
caustic  :ilkali  nt  lower  pressures. 

Calculation  of  Quantity  and  Strength  of  Ley  re^iuirei^ 
and  of    Composition   of  resulting   Soap. — Much    the   saiu^ 
general    jtrineiples  apply   in    the   ciLse   of  the  soaps  at    pre^^^u 
untler  (iiscussion  iis   in    the   case  of  thase    prepared    by  dir 
neutralisation  of  fatty  acids  (p.   454),  the  chief  difference  bein 
that   in   the   present   instance  no   water    is  formed,   Mhil^t   th 
glycertil   pro  lucerl   instead  must   lie  taken  into  iiccount.      If  ' 
lie  the  saponitieation   eijuivalent  of  a  mixture  of  tnglyceride^l 
E  parts  liy  weijxht  of  the  mixture  will  ret [U ire  40  parts  of  NaUH|l 
or  57"1   parts  of  Kt)H,  for  sajMiiiitication,  and  will   produce  hfM 

iicting   thereon    *      parts   of   «jr!ycerol,   in   accordance   with   th» 
tj 

equation. 


CHj .  OX 


Cauktco  SoJji. 


CH^  .  OH 


CH   .OX     +    3Xa.0H    =     CH   .OH 


SOilft  ^HfK 


3Xa  .  OX 


40  X 


Ullj  .  OX  t  lU  .  OH 

Suppose  that  a  soda  ley  is  useti^  conbiining  m  parts  of  neutri 
saline    matters    (ehloridt\    sulphate,    tkc.)    per    100    of    NaOH  ^l 
an<l  that  the    ju^oportlun  of  ley  eniploved  is  such   that  for  l^K' 
ptirts  of  NaUH  converted   into  soap  n  partu  are   employed  ill  I 
excess.       The    total     NaOH    employed    will,    consequently,   W| 

-j^-^  ^  O'i  {100  +  u)  parts  for  E  parUs  of  fatty  matte 

before;  whilst  a  given  weight  of  ley,   W,    will  contain, 
efore — 

NaOH 0-4x(10a^p), 

Saline  iimttePB,        .        .        .      ,'"    x  04  x  (100 +n)  =  mx  0-004  x(IOaf« 

Water,    W  -  0-1  ( 100  t  «)  -  0*0{>4  >.  m  ( lOO  ^  n)  =  \V  -  01104  ( 100  f  »t)  0<K>+« 

Total, 

Hence  the  resulting  soap  mans  (neglecting  mechanical  lo 

and  evaporation)  will  contain— 

92  „ 

Soda  ioap.  E  +  40 

91i 

Glycerol,  -^- 

ExceBH  of  XaOH,      " 


;i 


100 


X  40 


U-4  >c< 


S»lin«  matters.        .......        0-004  x  m  (100  f  i 

Water, W  -  i}im  \Vm  -f  m)  (lOO  +i 


Total, 


E  - 
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In  the  case  of  a  potash  soap,  if  m  parts  of  neutral  saline 
matters  be  present  per  100  of  KOH,  and  if  n  parts  of  KOH  in 
excess  be  used  per  100  converted  into  soap,  the  total  KOH  used 

will  be  57-1  x  —^^^  =  0571  x  (100  +  n)  per  E  parts  of  tri- 

glyceride  mixture;  whilst  a  given  weight  of  ley,  W,  will  contain — 

KOH, 0-571    X  (100  +  n) 

Saline  matters,    ^  x  0*571  x  (100  +  n)  =         000571    x  m  x  (ICO  +  n) 

w**^-      J  W-0-571  (10O  +  n)-OO057n      ^    aaak^i/iaa       v/,a/.      v 
^**®''     I  xmx(100  +  n)  |  =  W- 000571  (100  + m)  (100 +  n) 

Total, W 

Whence  the  entire  soap  mass  produced  will  consist  of — 

go 
Potash  soap,      E  +  571  -    ^         .        .        .        .  =  Ex  26*43 

go 
Glycerol,  -^ =  30*67 

Excess  of  KOH,  ^    x  571  ....  =       000571  x  n 

Saline  matters, 000571  x  m  x  (100  +  n) 

Water, W -000571  (100  +  m)  (100  +  n) 

Totnl, E  +  W 

Suppose  that  an  admixture  of  silicate  of  soda,  resinate  of  soda, 
syrup,  or  loading  of  any  kind  be  made  to  the  extent  of  iv  parts 
by  weight,  the  composition  of  the  total  mass  will  be  similarly 
arrived  at;  thus  suppose  a  mixture  of  fatty  matters  of  mean 
saponification  equivalent  290  (E  =  290)  be  saponified  with  excess 
of  soda  ley  such  that  W  =  160,  n  =  15,  and  m  =  10,  and  that  150 
parts  of  syrup  be  added  per  290  of  fatty  matters,  consisting  of — 

Sugar,        .        .       50  parts. 
Water,       .         .     100      „ 

150 

i.c.,  let  w  =  150 ;  then  the  composition  of  the  resulting  mass  will 
be— 

Soap,       .         .        .        .290  +  9-33  =299-33=     49  89  percent. 

go 
Glycerol,         .        .        .         -y-  =     30^7  =      5  11 

Excess  of  NaOH,  .        .      04  x    15             =       600  =  100 

Saline  matters,        .           0004  x    10  x  115  =      460  =  077 

Sugar, 50-00  =  833 

Water,     .       160  +  100  -  0-004  x  110  x  115  =  209*40  =  .34*90 

Totaii        .  290  +  160  +  150  =  60000  =  100  00 

30 
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In  the  preparation  of  soft  aoap,  the  qoantitr  of  ley  and  £ittyl 
matter  used  are  usually  not  adjusted  to  one  another  beforehaijd  ' 
in  the  way  requisite  for  ctjld  process  noapa;    the  ley  is  rnn  in 
gradually  during  the  operation  until  the  rec|ui6ite  consistency  is 
attained,  more  fottj  matter  toeing  added  in  case^of  an  excess  < 
alkali  having  been  used,  practical  experience  in  carrying  oat  t* 
manipulations  being  the  guide  to  tlie  quantities  employed  rati 
tJian  accurate  weighing  or  nieJLsuring.     Similar  remarks  apply  I 
most  hydrated  soaps  prepared  by  boiling  in  open  pans ;  no  ^ 
other  hand,  f<»r  sotips  made  under  pressure  in  autoclaves,  i 
the  relative  ciuantities  of  materials  must  be  carefully  adjusted  i 
the  commencement  of  the  operation,  as  the  nature  of  the  prrx 
does  not  conveniently  admit  of  more  material  being  add^  afttf 
the  operation  has  been  once  commenced  and  the  increased  pressors ' 
attained. 


SOAPMAKTNG  PROCESSES  WHERE  THE  GLYCEROli 
xVNL)  SOAP  FORMED  ARE  SEPARATED 
FROM  ONE  ANOTHER. 


Methritls  i>f  tins  class  substantially  depend   upon  the  genen 
princijile  that  where-as  most  alkali  soaps  are  pretty  freely  solub' 
in  pure  water,  especially  when  hot,  the  presence  of  various  kiiidi 
of  neutral  saline  matter — c.y.,  common  salt — and  even  of  a  la 
excess  tif  caustic  or  carbonated  alkali,  i"^nders  them  insoluble jj 
so  that  the  addition  of  salt  or  stronij  ley  to  an   aqueous  soafll 
solution  causes  the  soap  to  separate  or  precipitate  in  more  or  leal  J 
solid  flakes,  the  physical  structure  of  which  is  more  akin  to  thM 
of  crystalloid  substances  than  to  the  colloid  gum- like  f«irnt  i« 
which  transparent  soap  h  obtained.     The  process  of  ni. 
may  accordingly  be  brojidly  described  as  consisting  of  ^ 
the  fatty  matter  to  be  saponified  with  comparatively  weak  nlkidu 
fluids  not  used  in  excess,  but  employed   in  such   quantity  ifc 
when  the  alkali  hiis  l>een  praetically  all  neutralised  by  cc»mb* 
tioii  with  the  fatty  acids  the  g^reat  majority  of  the  fatty  matte 
is  decomfrf^sed,  the  remaining  portion  being  distributed  thrc»u  ' 
the  soap  solution  formed  as  a  sort  of  emulsion.     At  this 
on  adding  solid  salt  or  strong  l>rine,  the  dissolved  soap  is  throwa 
out  of  solution  and  separates  as  a  more  or  less  granular  cnn' 
carrying  with  it  the  urialtered  fat ;  the  watery  fluid  conta 
the  liberated  glycerol  being  run  ofl;  the  pasty  imperfect  soap  i 
further  treated  with  successive  sn^all  f|uantities  of  stronger 
being  Imiled  up  therewith  until  the  saponification  is  completd 
Finally,  the  snap  is  "iinished"  by  one  or  other  of  various  kinds « 
operation,  acc(»rding  to  the  nature  of  the  intended  pnjduct,     Ffli 
"mottled'*  soaps,  the  curd  resulting  after  complete  safKiniticatio 
is  bellied  down  (by  dry  steam,  or  in  the  older  way  of  working,  I 
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Tee  fire),  together  with  excess  of  strong  ley,  until  it  acquires  a 

fficient  CHjnsisteney— T.^'.,  until  it  is  so  thick  that  on  running 

to  the  frames  the  coloure<l  impurities  present  (iron  suiip,  itc, 

rmed  durinfj  the  prrx-PHs^  or  produced  by  aildinj;'  ;^een  vitriul, 

a,  to  the  e^rd)  are  unable  to  8ink  to  ttit*  bottom  l>y  gravitation ; 

n  which  case,  us  the  mass  co«ils  and  sobrfifies,  these  cohiure<l 

matters  segregate  into  veins  prrwlueing  "mottling'*  of  the  old 

oned  type.* 

For  ** fitted"  soaps,  the  eurd  produced  aftar  complete  saponifi- 

tiori   is  eflected  in  allowed  to  stand  awhile  so  as  to  separate 

m  the  leys  ;  these  are  run  off,  and  the  curd   boiletl  up  with 

steAtn  iitul  weak  leys  or  water  until   it  is  sutliciently  thinned 

xture  to  permit  of  the  coloured  heavier  tnetnllic  soaps  fitlling 

to  the  Iwittom  by  gra\itation  on  standing  ;  %vith  rosin  soaps  mt»re 

particularly,  peculiar  textures  {^S^oarse  fit,"  *^  fine  fit  ')  are  thus 

arrived  at,  respectively  suitable  for  difibrent  purposes. 

Curd   Soap . — ¥o  r  *  *  c  1  ea  ns  ed  '  cu  rd   soaps,   t  h  e  d  i  1  u  tef  1  cu  rd 
thus  freed  from  colouretl  impurities  is  pumped  ofi'  into  another 
-copper,  and  there  boile<l  up  with  ilry  steam  and  a  small  i|ua]itity 
>f  strtjng  ley  until   again  concentrated   to   the   re<piired   extent 
[i.e.,  until  the  curd,  freed  from  ley  by  subsidence,  has  the  desired 
roportion  of  water  associated  with   it)  ;  the  water  ret  ai  net  J   by 
the  cunt  Ijeing  less  the  longer  the  l>oiHng  is  continued,  anti  the 
stronger  the  ley  (jjp.  470,  4^6). 

In  boiling  ibr  curd  soap^f  the  first  saponification  operation  is 
usually  carried  out  by  running  int^j  the  coppier  caustic  leys  tif 
ngth  not  exceeding  specific  gravity  1'05  to  1*075  (10'  to 
5*T.},J  together  with  the  melted  fatty  matters,  and  iH>iling 
them  up  t-ijgether.  The  way  in  wljieb  this  is  done  varies  much 
in  different  cases  and  in  tlifferent  districts  :  sometimes  the  whole 
batch  f>f  **f^iHKis  '  (fatty  matters)  is  run  in,  and  then  a  fraction 
of  the  ley,  and  the  whole  boiled  up,  more  ley  being  iuJded  from 


t 

ai 

I         USUI 

mgtre 

I  *!, 


^■^  •Totally  distinct  from  the  moileni  mottled  &onps  of  highly  watered  and 

^Hjftlicated  cWracter—  tid*'  p.  472. 

^■^  f  British  cnrd  soaps  are  almowt  LnvariaMy  umde  from  tnllow  hh  ^liicf 
bftsifl,  the  hard  ilifficultly  latherin;t(  uliaractcr  of  pure  tallow  «oap  being 
modified  by  the  addition  of  other  oiIm  ami  fata  (Bmall  fjiiantitiea  of  cokernut 
oil,  more  or  less  cotton  seed  or  groundnut  riil,  lanl^  and  so  on),  according 
to  the  object  in  view*  On  the  Continent^  aud  ei pet* i ally  in  France,  vegeta* 
ble  oils  arc  used  iti  iimch  larger  proportion  ;  thus  Marscillea  tt'astile)  i*OAp 
i#  anpposed  to  be  made  nliBoat  wholly  from  oHvr  oil^  and»  in  point  of  fact, 
hi  chiefly  prepared  from  the  highly  sophisticated  mixturea  sold  nnder  that 
Runie  ;  and  even  in  those  easea  where  tallow  h  u«ed,  a  pretty  large  propor- 
tion of  mixed  vegetable  chil  is,  ^^enerally  also  added,  rape  oil  being  generally 
one  of  the  cotiatitiients  adiled  to  give  lathering  qualities, 

*Leys  coniaininjj  more  than  some  5  per  eeot.  of  Na^O  act  mach  le«« 
slowly  on  tallow  and  most  f*tfier  oils  and  fats  than  weaker  solutions,  at 
any  mt«  in  the  iirst  ios-tanee.  When,  linwover,  ttic  action  is  once  fairly 
slftrted^  somewhat  ttronger  leys  may  be  run  in  {in  uniall  (luantitien  at  « 
time). 
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-^  K*OH  =  C,Hs{0H 

(oh 


(O.CAiO 
CiHs  ?  OH 
(OH 

On  thii  ri^w  "  half  voule  rap**  rwnAh  of  s  mucliii^  cl  HadiBm  Hianit 
with  etnulufiiiNl  tristcsiin*  diBtesrm,  sadl  awaoslxsna.  smfcnniilj  dtsarai- 
aaied  Uiroiisli  the  water  as  s  aoct  «f  jalfy.  A  circsasslanee  fnaariiv 
tfaift  Tiew  i»  fast  the  ooaottty  of  glyoen>t  obUiaaUc  from  ibe  fint  tpislj^s 
ti  oooaidcrmbly  less  thsn  the  smooiit  oornspoodmg  with  th« 
not  much  ahoire  one  half  as  a  rale. 
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guided  by  indications  only  obtainable  by  practical  experience, 
the  requisite  physical  conditi<.m  is  attained,  representing  a  state 
of  matters  where  most  but  not  quite  all  of  the  fatty  matter  is 
S&ponitied,  whilst  practically  all  the  caustic  soda  in  the  leya  has 
been  used  up,  furnishing  an  atjueous  soap  solution,  or  thin  jelly, 
with  a  little  eniulsitk'*!  fat  disseminated  throughout. 

Graining, — The  next  stage  consists  in  "graining"  or  "cutting" 
the  soap  by  the  addition  of  sufficient  saline  matter  to  render  the 
dissolved  soap  insoluble  in  the  resulting  weak  brine,  For  this 
purpose  common  siilt  is  used,  either  solid  fresh  salt  or  that 
regainec  1  fro ni  p re  \  ion  s  I mtc h  e  s  of  I  i  1 1  u  o  r  d  u  r  1 1  j  g  boi  1  i ng  do w  n  to 
recover  glycerol  (p.  a  1 4);  or  a  strong  brine  is  run  in.  The 
quantity  added  depends  im  the  proportion  of  water  already 
present  in  the  copper  relatively  to  the  soap,  whicli  in  turn 
depends  on  the  strength  of  the  leys  used  and  the  quantity  of 
water  condensed  from  **  wet  * '  stoam  ;  moreover,  soaps  containing 
much  coker  or  palm  nut  oil  rptiuire  more  salt  than  others,  iwteris 
parilmtt.  When  suHjcient  salt  is  present  in  the  watery  liquor, 
a  sample  of  the  contents  of  !be  copper  taken  out  on  a  trowel 
shows  a  mass  of  grains  of  serniHolicl  soap,  whilst  a  clear  watery 
fluid  runs  away,  wfnch  should  not  be  markedly  alkaline  to  the 
taste,  and  should  throw  up  no  scum  of  fatty  acids  on  acidulation; 
showing  that  practically  all  the  soda  used  has  been  converted 
into  soap,  and  all  the  soap  formed  thrown  out  of  solution  by  the 
addition  of  sufficient  salt.  Explosive  evolution  of  steam  (violent 
•*  bumping')  is  very  apt  \o  occur  during  the  graining  process, 
whence  the  use  of  a  fan  and  curb  (p.  433)  in  motlerating  the 
frothing,  whilst  the  kettle  or  copper  used  is  only  jiartly  filled 
with  materials. 

After  staTiding  for  a  few  hours  (steam  being  shut  off)  the 
contents  of  the  copper  so j.*ara to  into  watery  ''sj^^nt  ley**  wkich 
is  run  off  and  utilised  (for  glycerol  extraction,  A'c),  and  pasty 
**  grain  soap "  consisting  of  about  3  parts  actual  soap  to  13  of 
adherent  water  :  this  is  either  finished  at  once  (usually 
pumped  off  into  a  smaller  copper,  or  mixed  with  another  batch 
from  another  copper,  there  being  less  liability  of  violent  frothing 
over  duriiig  the  subsequent  stages)  ;  or  else  more  goods  are 
added  with  weak  ley  and  the  Ijoiling  recommenced  as  before 
until  the  new  Katch  of  fiitty  matters  is  properly  "killed,"  when 
the  whole  mass  is  again  salted  out. 

The  grained  soap,  freed  from  spent  ley,  is  then  boiled  up  with 
wet  steam  and  an  additional  (quantity  of  somewhat  stronger  ley 
containing  some  9  per  cent,  of  NaOH  (specitic  gravity  about 
1  '09  to  I'll)  f^radiially  run  in  so  as  to  complete  the  sajK^^nili cation ; 
the  quantity  ftnally  addefl  being  sutlicient  to  cause  the  mass  to 
separate  into  two  (afjueous  ley,  and  soap  paste),  the  excess  of 
caustic  soda  throwing  the  soap  out  of  solution  just  as  salt  does. 
In  some  cases  this  operation  is  carne^l  out  in  two  stages,  the 
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)  10^ 

I  Uhe  '^diM  "  atet«  faj  cKlntmi  of  Ik 
bed  witb  it,  and  th«  botUn^  contitiaed  long  eiioa|jb  (» 
r  aa|Kiiufieacioa  of  tbe  last  poftaotts  n£  g-l^rcmdoi^  vImk 
is  af^BUi  grtttneil  or  "a»de"  bj  nttint&g  in  sofficifoi 
kej  to  tlumr  it  oat  of  solntitm  in  gnuna.  FsnaUj  tfai 
Intf  ^icni  tejv  are  piirUj,  bttt  not  wbolljr,  rrtn  oS,  jind  the  MMp 
pmla  and  remsiiitai^  ley  bmled  up  hj  tneaas  of  tiie  dij  sUan 
ooili^  ao  that  vater  ia  er^ratalcd,  wher^hj  the  resUaal  lej 
Iwpccwaea  OMve  conceptrailed,  aad  llie  soap  paste  las  wain; 
(pw  467) :  viketi  tba  paala  aeto  on  cooling  to  tbe  required  oost- 


madmaer  and  degree  of  liarditea%  the  boiling  is  stopped  and  tEe 
maai  alkwed  to  stand  Booie  bonin  so  thai  tbe  lejs  and  cord  tiaij 
Iborongldj  aepantle  6roiii  o&e  another :  the  eoi^  is  then  tntii 
Iftrred  to  the  cooling  fratne».  Unless  purposelv  watered  or 
boHad  down  to  a  lesa  extent^  ctud  aoape  general]  v  contidii  oiilj 
SO  ta  25  per  cent,  of  water.  When  required  tu  lie  as  white  u 
possible,  the  curd  is  allowed  to  stand  for  some  time  before  the 
filial  boiling  operation,  so  that  coloured  impurities  may  subside; 
the  **  cleansed  "  curd  is  then  ladled  or  pumped  off  into  anotto 
copper  in  which  the  boiling  down  with  close  steam  is  effected 

The  time  occupied  during  these  various  operations  varies  wt^ 
the  scale  of  operstions  and  the  skill  of  the  work  man  :  with  botches 
fjf  40  to  50  tons  of  goods  (tallow  and  njsin  for  yellow  soap)  the 
'^  killing  ^  majr  be  effected  hy  an  experienced  hand  in  one  day. 
and  the  farther  proems  up  to  ^'  making  '*  the  ii^oap  carried  out  oa 
the  next  daj,  the  whole  being  furnished  on  the  third  day  (lanl 
Carpenter). 

British  curd  woops  are  usually  made  with  tallow  as  chief  in 
gredient  with  comparatively  small  admixtures  of  other  oils  and 
fills  ;  they  do  not  lather  very  freely,  and  ^*  waste  '*  in  hot  water 
less  rapidly  than  many  other  kinds  of  soap.  The  term  "  cord  * 
^oap,  however,  d*5es  not  nece^ssarily  denote  a  tallow  soap,  but 
nither  a  soap  boiled  in  a  particular  way. 

Fitted  Soaps*^ — In  the  manufacture  of  curd  soaps  more  or  !«» 
of  the  alkaline  ley  on  which  the  soap  is  finally  boiled,  is  nece** 
sjirily  left  entangled  in  the  interstices  of  the  soap,  incompletely 
removed  by  gravitation  whilst  standing;  so  that  on  analysis  a 
<"urd  »oap  tlius  preparetl  always  shows  a  considerable  pr«>portioji 
of  "  free  alkali."  In  order  to  eliminate  this  an  operation  termed 
**  Htting "  ia  carried  nut,  more  especially  in  the  case  of  roein 
(yellow)  soap8,  whereby  a  peculiar  texture  is  attained  as  the 
result.  The  "made*'  soap  is  allowed  to  stand  some  twelve 
hours  or  more  so  as  to  bring  about  as  complete  separatiou  of 
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ley  and  curd  as  possible,  and  the  half  spent  ley  completely 
pumped  away.  Wet  steam  is  then  turned  on,  the  condensation 
of  which  dilutes  the  ley  still  entangled  in  the  interstices  of  the 
soap  grains.  With  a  particular  stage  of  dilution  (attained  if 
need  be  by  adding  water  to  dilute  further,  or  a  little  stronger 
ley  if  the  dilution  have  gone  too  far)  the  mass  of  soap  acquires 
the  property  of  allowing  a  watery  soap  solution  to  separate  at 
the  bottom  of  the  mass  on  standing  (for  some  days  with  large 
batches,  for  twenty-four  hours  with  smaller  ones),  whilst  the 
rest  of  the  soap  forms  a  mass  of  jelly-like  flakes,  which  solidify 
on  cooling  to  a  yellow,  somewhat  waxy  and  translucent  solid, 
usually  containing  a  little  under  30  per  cent,  of  water.  Before 
this  cools,  it  remains  sufficiently  soft  to  allow  all  dirt  and  solid 
impurities,  such  as  coloured  metallic  soaps  (containing  iron,  <fec.), 
to  subside  by  gravity,  so  that  the  lowest  watery  stratum  is  very 
dirty  and  much  discoloured,  and  in  consequence  is  known  as  the 
"  negur  "  (sometimes  spelt  negre,  nigre,  nigger,  <kc.)  The  upper- 
most layer  of  the  "  neat  soap  "  resting  on  the  negur  generally 
solidifies  whilst  standing  to  a  solid  frothy  crust  known  as  the 
"fob."* 

The  character  of  the  "fit"  attained,  whether  "fine"  or 
"coarse,"  is  judged  by  the  indications  observed  on  sampling 
the  mass  from  time  to  time  with  a  trowel ;  when  the  physical 
indications  known  by  experience  to  denote  the  desired  constitu- 
tion of  the  mass  are  observed,  the  boiling  is  stopped,  and  the 
copper  covered  over  to  keep  in  the  heat,  the  whole  being  allowed 
to  stand  at  rest  for  from  two  to  six  days  according  to  the  size  of 
the  batch.  Finally  the  cover  is  removed,  the  fob  carefully  cut 
away,  and  the  still  soft  and  semifluid  neat  soap  pumped  into  the 
frames.  After  cooling,  fitted  soaps  generally  contiiin  notably 
more  water  than  curd  soaps ;  from  28  to  33  per  cent,  is  usually 
present  in  nonsilicated  genuine  fitted  soaps.  The  folj  is  gener- 
ally worked  up  with  the  next  batch  ;  the  negur  is  either  worked 
up  with  coarse  fats  and  darker  rosin  and  made  into  a  brown 
rosin  soap,  or  is  utilised  for  making  mottled  soap. 

Mottled  Soaps. — In  the  earlier  half  and  middle  of  the  pre- 
sent century  the  majority  of  soap  manufactured  was  of  the 
curd  class,  and  being  made  from  leys  directly  prepared  from 
black  ash  without  purification,  generally  contained  more  or  less 
sulphide  of  iron,  or  metallic  soaps  disseminated  through  it, 
derived  from  the  impure  liquors,  or  in  some  cases  purposely 
added  (in  the  form  of  raw  or  calcined  green  vitriol  =  ferrous 
sulphate,  «tc.)  The  curd  was  boiled  down  until  the  proportion 
of  water  therein  was  reduced  to  a  quantity  not  exceeding  about 

*  Society  has  been  compared  with  a  pot  of  porter,  "dregs  at  foot,  scum  at 
top,  and  good  liquor  in  the  middle  ;"  a  copper  of  fitted  soap  with  **  ne^r  " 
and  "  fob  "  as  the  extremes  and  clean  **  neat  soap  "  in  the  mid^t,  would  be 
quite  as  apt  a  comparison. 
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20  to  23  per  cent,  and  more  frequently  tyiD^  between  17  and  20 
per  cent. ;  after  standing  and  running  off  the  lejSy  tike  wbok  wis 
well  intermixed,  and  the  grejish  or  otherwise  eotound  man 
run  into  the  frames.  Dnnng  cooling  and  solidificstaoii  the 
colouring  matters  (chieflj  iron  soap)  segregated  from  the  rest  of 
the  mass  into  veins ;  so  that  when  the  solid  soap  was  cat  serosa  a 
peculiar  characteristic  marbling  or  mottling  was  evident.  B^ 
exposure  to  air  the  iron  soap  changed  its  cokiur  from  bluish  grey 
to  red  in  consequence  of  oxidation^  forming  what  waa  known  ia 
the  Marseilles  district  as  the  Manleau  ItsabelU,  As  this  efieet 
could  not  l>e  produced  in  the  case  of  a-  curd  soap  insufficiently 
boiled  down  (on  account  of  the  thinner  texture  permitting  the 
heavier  metallic  soaps,  *tc.,  to  sink  completely  to  the  bnttom, 
like  the  negur  of  a  fitted  soap),  the  existence  of  a  mottled  appear- 
ance caine  to  be  regarded  as  a  criterion  of  good  quality  so  fer  m 
absence  of  an  undue  excess  of  water  (say  not  above  20  per  cent) 
was  concerned,  "  Castile/^  **  Marseilles,"  "  Olive  "  and  other 
mottled  soaps  of  this  class ^  although  still  manufactured  to  some 
considerable  extent,  are,  however,  but  little  made  at  the  preseill 
day  fur  liouseliold  use  as  compared  with  other  varieties  of 
mottled  si>aps  in  which  the  one  especial  good  point  characterising 
the  oltl  iiiottlf?d  s<mps  is  wholly  absent — viz.,  that  only  a  limit^i 
amount  tif  wat^T  is  present.  A  considerable  degree  of  skill  is 
requisitf^  in  adjusting  the  proportions  of  materials  used  so  that  a 
maxiimim  of  water  can  be  incorporated  without  unduly  inter- 
fering with  the  veining  of  the  mass.  Usually  silicate  of  soda 
solution  is  used  as  atitlening  agent,  the  fatty  matters  being 
selected  acccirding  to  the  judgment  of  the  maker,  and  generally 
containing  a  considerable  proportion  of  palm  kernel  oil  or  coker- 
nut  oil,  on  account  of  tbe  property  of  these  oils  to  form  soda 
soaps  possessing  considerable  stiffness  even  when  largely  watered 
(p.  462).  After  admixture  of  the  sCicate  the  pigments  intended 
to  give  t!je  mottle  are  added,  and  tbe  mass  thoroughly  crutched 
until  sufficiently  stiffened  to  run  into  the  frames;  tlieseare  usually 
mad*>  of  w(hod  hu  as  to  allow  tlie  mass  to  cool  as  slowly  as  possibld 
and  cause  the  mottle  to  **  strike  "  properly  into  veins.  Soaps  thoi 
made  and  "  tilled  "  with  water  and  silicate  oft^n  contain  50  per 
cent,  antl  upwards  of  water  and  not  more  than  40  \A^  45  per  cent 
of  actual  soap. 

Absolutely  no  gocwl  purpose  whatever  is  fulfilled  in  com- 
municating a  mottle  of  this  kind  to  household  scouring  soaps : 
the  only  eHect  is  that  the  public  is  induced  to  buy  a  greatly 
inferior  article  on  the  strength  of  tlie  reput-ation  for  quality 
gained  years  ago  by  mottled  soaps  of  the  old  style.  Whatever 
advantages  may  l>e  gained  by  the  addition  of  silicate  as  a  cheap 
detergent,  these  are  wholly  independent  of  the  mottling, 

A  method  of  preparing  hard  soda  R<mps  without  employinjf 
caustic  soda  (sometimes  referred  to  as  the  ^'old  fierman  process**) 
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;  formerly  of  considerable  irnpi>rtance,  althouf^li  at  the  present 

'day  the  relative  prices  of  potash  ami  soda  are  such  as  to  render 

the  process   inapplicable,  except    in    backwoods  districts  where 

potashes  are  more  readily  obtainable  than  soda  ash   or  caustic 

soda.     The    tallow,    or    other    mixture    of  fats    and   oils   to  be 

I  saponified,  is  boiled  up  with  potash  ley  (mrtdc  hy  causticising 
potashes  with  liuie)  much  as  in  the  process  of  soft  soap  making, 
until  a  syrupy  '* close**  snap  is  obtained  ;  this  is  then  salted  out 
by  tlie  addition  of  coinruon  salt  or  britie^  whereby  a  curd  is 
obtained  mainly  consisting  of  soda  soap^  the  potash  soap  and 
podium  chloride  reacting  on  one  another  by  double  decomposition 
(pp.  451,  489),  The  curd  thus  obta^ined  is  finished  hy  repeating 
the  operations  of  boiling  up  with  potash  ley  to  complete  saponifi- 
cation, and  salting  out  so  as  to  transform  the  majority  of  the 
potash  soap  still  present  into  soda  smip;  the  curd  ultimately 
obtained  after  a  suflicient  number  of  such  treatments  being 
finally  botletl  up  with  ley  until  any  entivngled  salt  is  washed  out, 
whilst  the  ley  l)ecomes  sufficiently  concentrated  for  the  curd  to 
separate  properly. 

In  all  probability^  ban!  srxla  soaps  were  first  prepared  on  a 
comparatively  large  scale  by  this  kind  of  process,  rather  than  by 
saponidcation  with  caustic  soda  direct  ;  although  the  use  of 
"  maritime  alkali  '  (barilla)  appears  to  have  been  practised  iu  the 
Marseilles  district  as  long  as  the  soap  nmnufrieture  has  existed 
there.  In  inland  districts,  however,  where  seaweed  ash  w^as 
practically  unattainable,  or  at  any  rate  costly  as  compared  with 
vegetable  potashes,  this  *'old  German  "  process  was  the  one 
[chiefly  employed  for  making  hard  sonps  until  the  discovery  by 
I  Ijeblanc  of  the  methixl  of  preparing  soda  frmn  common  salt  that 
[bears  his  name. 


SPECIAL  VARIETIES  OF  SOAP. 

Bosin  Soaps  (ToUow  Soaps).— In  the  manufacture  of  soapt 
of  this  ilescription  ordinary  rosia  (colophony)  is  used  as  an 
ingredient,  the  mixture  of  alkaline  salts  of  rosin  acids  and  of 
fatty  acids  being  peculiarly  well  iidapted  for  certiiin  purposes. 
In  one  method  of  procedure  (Meinecke'a)  crude  turpentine  is 
added  to  the  soap  pan,  which  is  fitted  with  a  still-head,  so  that 
the  spirit  of  turpentine  volatilised  along  with  the  steam  is  con- 
densed and  utilised.  A  much  more  frequently  used  process, 
however,  is  to  separate  the  spirit  and  rosin  by  the  ordinary  dis- 
tiUation  process,  and  to  mix  the  latter  with  the  fats,  Jrc,  to  be 
saponified,  so  that  a  mixture  <»f  the  alkali  salts  of  fatty  and  resinous 
acids  results  ;  whilst  a  further  improvement  {sometimes  termed 
the  "French  process"  for  rosin  soap)  consists  in  dissolving  the 
rosin  in  hot  alkaline  ley  separately  (p.  453),  adding  the  resulting 
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manufacture  of  **oir'  soaps  (oleic  acid  soaps,  p.  452)  these  con- 
stituents are  introduced  by  the  simple  process  of  using  a  larger 
quantity  of  alkaline  ley  than  is  equival<^2it  to  the  fatty  acids  ;  in 
other  caseSf  the  alkalies  are  dissolved  iu  wiiter  and  crutched  into 
le  soap  before  framing.  The  introduction  of  silicate  of  soda 
»lution  has  varioua  advantages  as  compared  with  that  of  caustic 

aliesj  proper  incorporation  being  more  ejisy ;  whilst  for  such 
purposes  as  scouring  doors,  itc.,  the  increased  detergence  thereby 
gained  if*  distinctly  advantageous.  For  laundry  soaps,  on  the 
other  hand^  the  utility  of  silicates  is  far  less  manifest;  so  much 
BO,  that  various  much  advertised  laundry  soaps  of  the  present  day 
are  purposely  prepared  without  that  ingredient  (sodium  carbonate 
being  in  some  cases  used  instearl) ;  to  which  cirr  urn  stances  they 
largely  «*we  what  superiority  they  may  posseas  over  other  silicatecl 
soaps. 

One  notable  advantage  gained  by  the  admixture  of  silicate  of 
soda  witli  soaps  made  from  cheap  soft  fats,  itc,  is  tliat  the  texture 
of  the  bar  of  soap  is  considerably  stilfened  and  hardenerl,  so  that 
the  Hoap  tloes  not  waste  so  rapidly  in  bot  water  or  wlien  rubbed 
ag^iinst  the  cltithing,  d:c*,  to  be  washed,  as  it  otherwise  would 
necejisarily  do. 

Normandy  Soaps  (Sulphated  Soaps). --In  order  to  harden 
iind  stiffen  a  comparatively  soft  soap  mass  various  neutral  salts 
may  also  be  employed,  more  especially  sodium  sulphate  or  thio- 
suJphate.  The  use  of  these  stiffening  agents  was  originally 
intrcduced  by  Dr.  Normandy^  not  fnr  puri»oses  of  adulteration 
or  ** filling/"  but  in  order  to  enable  useful  household  scouring 
sr:iaps  to  l»e  matle  from  materials  that  otherwise  would  give  a 
pnxluct  ti>o  siift  for  economical  use  in  scrubbing,  especially  with 
hnt  water.  When  sodium  sulphate  (Glauber's  salt)  was  used, 
the  crystallised  salt  (not  salt  cake)  was  heated  so  as  to  fuse  in 
its  own  water  of  crystallisation,*  the  licjuid  being  immediately 
crutched  into  the  hot  soap  ;  from  one-fifth  to  one- third  of  the 
weight  cjf  the  soap  being  thus  atlded.  The  soaps  thus  made 
rapidly  become  unsightly  thr<:»ugh  etBorescence  ;  so  that  their 
use  at  the  present  day  is  not  large^  other  stiffening  agents  (more 
ffspecially  alkaline  carbonates  and  sodium  silicate)  being  pre- 
ferred. 

Alumlnated  Soaps. — Aluminate  of  soda  has  heen  proposed, 
and  to  some  extent  used,  as  a  substitute  for  silicate  of  soda  in 


^m   ana  co  some  exceni:  usea,  as  a  suDstituw  lor  snicace  ot  soda  m  ^h 

^B  the  preparation  of  scouring  soaps,  for  which  purpose  it  does  not  ^^| 

^M  seem  to  have  any  special  advantages  or  marked  disjidvantfiges*  ^^M 

^B       Borax  Soaps,— The  addition  of  Ijorax  to   laundry  soaps  is  ^H 

I        sometimes   made,    that   salt    possessing   considerable   detergent  ^H 
power  without  injurious  action  on  textUe  fibres ;   it  in  usually 

•  If  salt  cake  is  uaed,  it  miLst  be  diBsolveil  in  tiie  riglit  quantity  of  water 
and  treated  with  a  little  aoda  osb,  so  as  to  aeutmhse  the  free  acid  prc«omt 
and  precipitate  the  ferric  oxide  contained  as  sulphate. 
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supposed,  moreover,  to  have  a  special  blanching  action  on  linea. 
Some  socallecl  *'  borax  soaps,"  however,  are  in  the  market  Uot 
contjiin  only  extremely  minute  amounts  of  borax,  or  none  at  all 

PhosphatGd  Soap  a.— In  order  to  diminish  the  waAte  of  lotp 
with  hanl  water  throutrh  double  dectmi position  by  the  Hmeaad 
magnesia  salts  present,  H*  Grimshaw*  add^s  an  alkaline  phosphate 
to  the  soap,  with  the  object  of  formiog  calcium  and  mognesiuio 
phosphjUes  iusteaii  t tf  lime  and  magnesia  »oaps  insoluble  in  iratef. 
/^  Parafiln  OO  and  Petrolaum  Soaps. — Hydrocarbons  of  tli« 
f  paraffin  series  possess  the  physical  property  of  forming  jelhw 
when  admixed  with  soap  solutions  under  suitable  circaui- 
»t4Lnce3  J  a  small  quantity  of  soap  will  thus  solidify  a  largf 
cjuantity  of  liydnicarbon,  a  circumstance  t&kda  advmntiige  of  in 
manufacturing  "solidified  petroleum"  for  foel  On  tbe  other 
hand,  10  or  20  per  cent,  of  such  oU  can  be  crutched  into  a  hot 
soap  paste  without  materially  interfering  with  its  setting  o© 
cooling,  so  that  a  large  amount  of  "loading"  may  be  thus  efiisctod 
With  certain  kinds  of  transparent  soap  (made  by  the  cold  prootM^ 
pp.  4r>8,  482)  this  addition  is  freijuently  made. 

For  laundry  puqjoses  the  diluting  effect  of  the  hydrocarbon 
oils  is  more  or  less  compensated  by  an  increased  detergent  action: 
greasy  linen,  itc,  soaped  with  "paraffin  soap''  can  often  be  cleanaed 
with  less  rubbing  and  friction  than  would  otherwise  be  necessary 
because  the  hydrocarbon  tends  to  dissolve  the  grejise  and  so  to 

V facilitate  the  detergent  action  of  the  soap  so  far  as  other  dirt  is 
concerned. 

Sand,  Fuller's  Earth,  Pipeclay,  Kaolin^  and  Brickdust 
Soaps. — When  soap  is  required  for  household  or  other  cleansiufi: 
purposes  to  be  used  in  conjunction  w^ith  fuller  s  earth,  powdered 
brick  dust  or  pumicestone,  sand,  emery,  or  such  like  materials  so 
as  to  brighten  metallic  surfaces,  cleanse  greasy  paint  (insides  of 
baths,  clrc),  and  su  on,  it  is  often  found  convenient  to  prepaid 
blocks  of  mixetl  mineral  powder  and  soap  for  sale ;  these  are 
made  by  crutcbing  tlie  pulverised  pumices  tone,  ^c,  into  the 
hot  melted  aoap  in  as  large  a  proportion  as  is  consistent  with  \%  ~ 
sticking  together  in  blocks  when  cold,  and  are  then  sold  us 
various  proprietary  names,  chosen  according  to  the  fancy  < 
maker.  For  general  cleansing  purposes  such  mixtures  are  i 
very  bandy;  but  the  price  charged,  altliough  moderate  enough  j 
regards  the  weight  of  the  block  as  a  whole,  is  generally  big 
with  respect  to  the  quantity  of  soap  actually  present  thereii 
Superior  kinds  of  such  soaps  are  sometimes  sold  as  "tooth  soap^*^ 
prepared  by  incorporating  with  a  good  kind  of  renielted  toilet  soap] 
some  10  to  20  per  cent,  of  finely  powdered  marble  or  pumio 
stone,  cuttlefish  bone,  prepared  chalk,  (Src,  <kc, 

DiBinfeotant  Soaps.— A  large   variety  of  soaps  are  in  tli 

market  consisting  of  ordinary  soaps  of  more  or  less  good  quahtj^ 

•  Entflifih  Pakut,  No.  083.  18«a 
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into  which  have  been  crutched»  V>efore  finally  cooling  and 
solidifying,  fluid  or  other  disinfecting  materials,  more  espe- 
ialiy  those  derived  from  coal  tar  products — e.^.,  carbolic  and 
-creaylic  acids,  naphthol,  naphthalene  and  creosote  oile,  ttc.  ;  or 
the  artificial  camphoraceous  products  got  liy  the  oxidation  of  oil 
of  turpentine  (Sanitas  oil) ;  or  hydroctirbons,  such  aa  terebene ; 
OP  varkma  inorganic  germicide  materials.  Of  thpRe  ditftrent 
products,  a  considerable  nuTuber  are  highly  valuable  for  the 
particular  purpcjses  for  which  they  are  intended  j  but  the  value 
of  others  is,  at  the  best,  only  small  aa  antiseptic  and  disinfectant 
agents. 

To  this  category  also  belong  a  variety  of  "medicinal'^  soaps, 
usually  put  up  in  tablet  form  like  "toilet"  soaps  (p.  478);  in 
these  a  stock  soap  of  more  or  less  good  ijuality  forms  the  basis, 
sulphur,  iodine,  ichthynl,  mercurial  preparations,  or  other  raedi- 

,ments  supposed  U)  exert  beneficial  action  in  certain  cases  when 
;hus  applied  to  the  skin,  being  ndxed  in  either  by  reoielting  or 
milling,  or  in  some  casea  being  added  to  the  mass  fornied  by  the 
cold  prtK^oss  hi'forn  it  finally  solidiries. 

Coldwater  Soaps» — Various  soaps  are  sold  under  this  name^ 
the  alleged  advantage  of  which  is  usually  stated  to  l>e  that  they 
will  lather  freely  with  cold  water  and  therefore  do  not  require 
clothes,  itc,  to  be  lx>iled.  In  many  cases  a  more  accurate 
lescription  would  be  that  they  dissolve  ao  freely  in  hot  water  as 
l>e  highly  wasteful  when  used  therewith.  They  generally 
consist  of  more  or  less  watered  soaps  *  containing  cokernut  or 

Im  kernel  oil  to  give  consistency,  with  a  liberal  internnxture  of 

tassium  or  sodium  carbonate  (less  frcf|uent!y  of  silicate)  to 
arden  and  give  inereased  detergent  action  ;  in  practice  they  are 
etjuivalent  to  a  mixture  of  true  soap  and  soda  crystals,  and  like 

nd  anil  brickdust  soaps  they  are  accordingly  very  bandy  in 
Use  ;  but  in  general  the  jirice  is  high  as  compared  with  the  actual 
amount  of  snap  p>resent. 

Soap  Powders. — The  alxjve  remark  applies  a  fortiori  to  these 
substances  which  in  general  consist  of  ground-up  soda  crystals 
(sometimes  of  ordinary  soda  ash)  with  more  or  less  pulverised 
dry  soap  intermixed;  they  are  usually  highly  efficacious  as  deter- 
gents, but  somewhat  dear  as  compared  with  the  value  of  the 
alkali  present  and  the  soap^  taken  separately  from  the  water  of 
crystallisation  and  other  inert  constituents. 

Starch  Soaps,  Oatmeal  Soap,  &c,^More  t!mn  one  patent 
has  been  taken  out  for  the  preparation  of  products  where  potato 
Jhur,  starchy  and  similar  materials  are  intermixed  with  ordinary 

•  Some  few  "coltl  water'*  soaps  do  not  contain  more  than  20  to  25  per 
cent,  of  water,  and  are  tnade  with  only  comgi^iatively  small  additions  of 
potassiam  or  sodium  carbonate,  tije  former  beiitg  ]>ri?ferably  Ui^ed  to  uoften 
the  texture,  a  result  also  partly  brought  about  by  the  uag  of  semidrying  oils 
AS  iDgredienta — n.^j.^  cotton  seed  oil. 
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soaps.  The  jidvanta^^es  of  such  mixtures  are  difficult  to  onder- 
stand.  OalvteaJ,  however^  well  int'ermixed  with  «ome  rejuionjii)l3f 
gocKl  *iuiLlity  of  Rt^ick  soap,  enjoyj*  some  degree  of  popularity  as  a 
**  skins* ia|*.'  Bran  and  tjhiten  have  been  used  for  the  same 
purpose  ;  i\s  also  iierfrint'j  Icrlattd  moss  and  otlier  lichen  jelhes* 
gafodnstf  rornfiour,  and  various  analogous  substances. 


TOILET  AND  FANCfY  SOAPS. 

The  tenn  "  toilet  soap "  is  generally  supposed  to  denote  ft 
Buj)er^ne  variety  of  soap  specially  prepared  with  the  object  not 
only  of  eflecting  cleansing  duriiii;  ablutitm,  but  of  doing  tht& 
in  the  most  delicate  way  with  I'egard  to  injurious  action  on  the 
skin,  thus  serving  as  a  sort  of  cosmetic,  8<3ine  of  the  Hocallcd 
toilet  soaps  in  the  mnrket  well  fulfil  this  description  :  hut> 
mifuilunately,  many  others  are  largely  advertised  and  sold  which 
are  of  a  far  less  satisfactory  character,  either  through  imperfections 
of  manufacture  (m<tre  especially  presence  of  excess  of  alknli).  or 
because  of  their  having  an  objectionable  action  on  tender  %kiM 
through  iulmixture  i if  other  ingredients  (particularly  amo  su^pir). 

Some  varieties  of  st^called  toilet  soaps  are  simply  household 
soaps  of  the  finer  class,  more  especially  curd  and  yellow  MVipftj 
matie  fronv  first  class  materials,  cut  up  into  tablets,  anfl  stan}[)«<J 
into  shape  by  one  or  other  of  the  \'arious  kinds  of  stamping 
press  referred  to  on  p»  444.  As  a  rule  these  are  scentless,  hut 
sometimes  a  small  proportion  of  cheap  essential  oil  or  other 
perfume  (such  as  citnmella,  mirbane,  «fcc.)  is  crutched  in  Ixjftjr* 
fniming. 

^It^re  frequently  stock  soaps  of  good  fluidity  are  prepared  on 
the  large  scale  from  choice,  or  at  least  sound,  materiids,  and 
are  then  cut  up,  intertnixed  or  blended,  remeltetl,  and  apiin 
framefl,  \v^>rking  on  a  smaller  scale  :  usually  scenting  materiAU 
are  introduced  just  before  transferring  to  the  frames,  and  in 
some  cases  emollient  ingredients  or  unguents — r.^,,  lanolin,  vaaa- 
line»  beeswax,  s]>ermaceti,  or  various  un decomposed  glyceridea. 
such  as  tlie  tinet^t  lieef  marrow,  lard,  the  socalled  *' beef  stearine 
separated  frum  tlie  more  fusible  fats  in  the  manufacture  of  mar- 
garine (p.  3LJ1I),  itc.  Of  late  years  "  superfatted  ''  soaps  of  this 
description  (in  s«mie  cases  niatle  by  remelting*  in  others  by 
milling  —  tnde  ifi/ra)  have  been  somewhat  largely  **  lx>omeii,'* 
the  special  advantage  derived  from  their  use  being  supposed  U> 
be  that  an  extremely  thin  greasy  tilm  adheres  to  the  skin  after 
use,  which  more  or  less  prevents  the  drying  and  chapping 
action  otherwise  produced  by  ortlinary  soaps  on  tender  skins* 
Opiaiotis  differ  widely  as  to  how  far  this  alleged  arhTintage  iB 
really  gained  i>r  not,  some  regarding  the  presence  of  a  (tw 
per  cents,   of  glycerides  in   the  soap  as  actually  funiislung  * 
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nitective   film   of  the  kind,  rendering   the  outer  layer  of  the 

ill  soft  and  supple  ;  whilst  others  consider  that  inu.sniuch  as 

action  of  water  on  pej-fectly  neutrtil   stwip  always  liberates 

ore  or  less  free  alkali,  which  rmukilies  ^ea.se  and  enables  it 

to  be  Wtiiihed  *>tf,  whilst  any  excess  «»f  alkali  naturally  egntained 

in  the  soa]»  accelerates   the  act  if  m,  the   nation  of  an  adherent 

protective  grease  film  is  n  prkrri  iiiipmbable  -  the  advanta^^e  of 

such  soaps  lying  rather  in  their  freedom  frnni  excess  of  alkali 

mid    other    objectionable   skin    rf>ughetiing    substances    such  as, 

SQ^px.      On  the    wlutle,    the    prepijnderance    of   opinion    ratiier 

aeems   to   be    m    the   direction  of   regarding  nonglyceridic    un- 

ents    (lanolin,    spernKiceti,  kc.)   as    being    more   *^  emollient  ** 

hen  thus  athnixed  with   soap  than  glyceridic   materials   such 

osually  found   in  "superfatted^'  soaps — i.f\^    when   all   other 

ings  are   ecjual,   especially  absence  of  free   alkali  ;    moreover, 

file  presence  nf  unsaprjnitied  fatty  matters  seems  sumetimes  to 

ilitate  diHcnluration  on  keeping  through  the  development  of  a 

ind  of  rancidity. 

In  some  cases  "pearlashing"  qip.  451,  48D)  is  adopteil  to  improve 

the  texture  and  lathering  jmwer ;  when  this  is  done  the  pearlash 

liquor  (solution  of  potassium  carbonate)  is  simply  crutehed  in 

with  the  other  ingredients  before  fniniing.     Since  an  ecjuivalent 

of  sodium  earboiiate  is  formeil  for  one  of  potassium  carbonate 

introduced,  oVivirmsly,  a  pearlaslied  soap  is  apt  to  be  strongly 

alkaline    and    (»ljjeetionable   for   persons    suffering    from    tender 

skins,  or  a  tendency  to  acne  or  eczema. 

Milled  Soaps. — "^Perfumers*  sixajs/'  sometimes  known  as 
"little- pan  soaps,"  were  formerly  largely  made  \>y  perfumers  by 
means  of  the  cold  process.  The  fatty  matters  thus  employed 
were  genei*ally  cjf  excellent  rjuality,  lieing  mainly  the  oils  and 
fiitty  ctikes  used  to  absorb  flower  perfume  f odorous  essential 
oils)  by  packing  the  fat  cakes  and  fhiwer  fietals  together,  or  by 
passing  air  over  the  flowers  and  bringing  it  in  contact  with  oil, 
Ac,  to  absorli  the  volatile  odorims  matter  ;  after  the  oil  or  fat 
as  fully  clmrged  by  numerous  repetitions  of  the  process  it  was 
?ated  with  alcohol,  whereby  a  flower  essence  was  obtained  by 
ssolving  out  the  essential  oils,  leaving  behind  a  delicately 
scented  fat,  capable  «*f  furnishing  a  deliciously  perfumed  soap. 
Owing,  however,  to  the  necessity  for  avoiding  heat  as  much 
as  possible  in  the  preparation  of  the  siiap,  it  rjften  liappened 
that  these  soaps  contained  simultaneously  much  undecomposed 
felt  and  a  large  amount  of  free  alkali.  Accordingly^  of  late  years 
hey  have  been  largely  supplanted  by  "milled"  soaps,  where 
mock  soaps  of  good  tiuality  are  '*  strij^ped  "  or  reduced  to  chips 
and  dried  until  only  a  few  per  centos,  of  moisture  are  retained^ 
and  then  ground  (together  with  perfumes,  colouring  matters, 
glycerine,  or  other  emollient  ingredients,  etc.,  as  retjuired)  lie- 
tween  rollers  until  reduced   to  a  stiff  puttydike  moss,  which  is 
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then  squirted  or  screwed  into  bars  and  so  formed  into  tah 
(p.  448).     The  at] vantages  of  this  method  are,  firstly,  that  iofti- 
much  as  no  artiticial  heat  is  applied ^  delicate  flower  perfumes,  kc^ 
can  be  readily  incorporated  with  the  soap  mass^  which  it  wooli  I 
be  impossible  to  use  with  a   remelted  soap  because  the  heat 
would  dissipate  or  destroy  the  odorous  matter;  and  seoondl]rt 
that  aa  the  resulting  tablets  usually  contain  only  a  small  quontitj 
of  water,  a  given  weight  of  soap  tablet  generally  contains  ii.  mudi 
larger  quantity  of  actual  soap  than  another  tablet  of  the  same 
weight  prepared   hj  remelting  or  by  the   cold    process,  whilst, 
being  harder  and  stiifer,   it  lasts  longer,   wasting  leas  rapidly  1 
during  use.      By  suitably  choosing  the  stock   soaps  used,  en* 
ploying  only  such  as  have  been  pr^epared  from  first  class  oils  and 
fats,   iL'c,  and  refined  or  otherwise  treated  tt»   remove  "free" 
alkaline  matters,  "fancy"  and  '^toilet**  scmps  of  the  finest  possible 
qualities  are  thus  readily  obtainable.    Frequently  the  stock  soaps  i 
are  partly  made  with  potash  and  partly  wdth  soda,  so  as  to  arrive  I 
at  a  suitable  texture  through  the  softer  nature  of  the  potash  soap, 
as  well  as  to  produce  a  better  lather. 

In  this  connection  it   is  worth  noticing   that    there  is  some 
reason  for  supposing  that  soap  with  which  an  extremely  liirge 
proportion  of  flower  essences  and  essential  oils  is  incorporatecl 
may  thereby  become  less  suitable  for  use  by  persons  sufferin;: 
from  tender  skins  than  would  Ix?  the  case  with  a  lessened  amounl 
of  odorous  matter,  inasmuch  as  many  essential  oils  nf  the  kiiid 
possess  more  or  less  marked  rubefacient  (skin  reddening)  actitin, 
analogous  in  character  to  the  stimulating  and  blistering  action  of  | 
mustanl,  oil  of  turpentine,  and  similar  substances.     It  is  within 
the  author's  own  personal  observation  that  when  the  same  highr  I 
class  soap  mass  is  used  for  preparing  two  differently  priced  &licy  < 
soaps,  unly  differing  in  that  the  more  expensive  one  is  tmpr^iaatid  | 
with  a  much  larger  proportion  of  scent  than  the  other,  ]ierBOiis| 
possessing  exceptionally  sensitive  skins  can  sometimes  ust?  tablets 
made  from  the  less  highly  scented  portion  with  impunity,  whilst 
the  employment  of  tablets  made  from   the  more  strongly  per- 
fumed p^*rtion  speedily  sets  up  a  disagreeable  amount  of  skin 
irritation. 

From  the  point  of  view  of  irritating  skin  action,  however,  the 
presence  tif  sui^ar  appears  to  be  much  more  objectionable  than 
that  of  moat  scenting  materials,  even  in  large  quantity*  Opa«]ue 
fancy  soaps  are  rarely,  if  ever,  admixed  with  this  arj alterant ;  j 
but  very  little  transparent  soap  is  in  the  market  that  does  not 
contain  uiore  or  lens. 

Brown  Windsor  Soap. — The  term  "  Brown  Windsor "  has  1 
long  been  applied  to  a  jieculiar  brown  soap  bighly  esteemed  for 
toilet  purposes.    Originally  this  substance  deserved  its  reputation;  j 
but  as  in  t!ie  case  of  *' mottled "  soap,  the  perverted  ingimuity  of  tb«  | 
modern  adulterator  has  completely  altered  the  character  of  thei 
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_  eat  inaj*>rity  of  toilet  tablets  sold  under  that  name.  The  *'01d 
I  Brown  Windsor'^  of  a  generation  or  two  back  was  simply  a  funu 
of  soap  {usually  mostly  curd)  that  had  lieen  kept  in  stock  for  a 
great  length  of  time,  and  oecasif>iirilly  remelted ;  with  the 
result  of  vicnuiring  a  pretty  deep  brow  a  tint  througb  oxidation 
of  fatty  anKjs,  6:c,^  and  of  becoming  practically  wholly  devoid 
of  free  alkali,  any  excess  of  alkali  originally  present  being 
neutralised  by  the  weakly  acid  oxidation  prodnetH  formed 
during  keeping  or  **  ageing/'  or  whrlsit  being  remelted.  Such  a 
soap,  pleasantly  scented  at  the  Last  remelting  Ijefore  making  into 
tablets,  and  originally  made  from  suitable  materials,  lathered 
sufficiently  freely  to  be  conveniently  used,  and  had  as  little 
deleterious  action  on  sensitive  skins  as  is  compatible  with  the 
hydrolytic  properties  of  soaps  generally.  The  modern  substitutes, 
how^ever,  are  frequently  nothing  but  coarse  soaps  made  from  dis- 
coloured fats,  and  further  Vjrowned  by  coal  tar  djen  or  admixture 
of  brown  ochre  :  all  sorts  of  scraps  (including  iioor  scrapings) 
incapable  of  utilisation  in  any  other  way  are  worked  into  the 
mass,  wbicli  fret|uently  is  alkaline  to  a  highly  objectionable 
extent.  In  short,  advantage  is  t^aken  of  the  reputation  deservedly 
gained  in  former  years  by  an  excellent  article  to  sell  under  the  ^ 

same  name  an  eminently  inferior  product.  Similarly,  soealled 
"White  Windsor"  soaps  are  sometimes  to  be  met  with,  largely 
made  from  cokernut  oil,  highly  alkaline,  and  wholly  ditJerent  in 
character  from  the  genuine  old  fasldoned  brown  article- 
Transparent  SoapB, — As  already  stilted,  aoap  can  in  many 
cases  assume  two  distinct  physical  conditions,  one  a  more  or  less 
distinctly  crystalline  form  in  which  the  **grains''  retain  itssociated 
by  a  sort  of  piiysical  attraction  a  considerable  quantity  of  water, 
the  amount  of  which  varies  with  circumstances — *\(j.,  a  curd  soap, 
when  granulated  from  a  dilute  liquor  with  a  minimum  of  salt  or 
alkali,  will  contain  as  much  as  35  to  +0  percent,  of  such  as.sociated 
water,  which  becomes  gradually  lessened  down  to  1?0  to  2n  per 
ceiiL  or  less  by  boiling  down  witli  ilry  steatn  or  free  tire  so  as  to 
concentnite  the  ley.s.  The  other  is  a  structureless  colloidal  state, 
constituting  a  mass  which  under  suitable  conditions  is  clear  and 
transparent  like  a  strong  jelly.  Soft  soaps  (potash  soaps)  appear 
to  have  a  stronger  tendency  to  retain  this  c<»lloiilal  state  than 
harcl  (soda)  soaps,  so  that  it  is  only  with  comparative  dithculty 
that  they  become  granular :  soda  soa[>s,  on  the  other  hand, 
although  granular  when  sej^ar-atetl  from  watery  solutions  by 
means  of  salt,  readily  become  colloidal  when  dissolved  in  alcohol, 
so  as  to  form  transparent  masses  when  the  solvent  evaporates. 
This  physical  condition  is  facilitated  in  many  cases  by  the  presence 
of  various  other  substances,  of  whicli  glycerol  is  one  of  the  best 
known  ;  so  that  fats  saponified  by  the  coltl  process,  even  in  the 
alisence  of  alcohob  often  yield  transparent  products  owing  to 
the  production  of  glycerol   during   the  process.     Castor  oil,  in 
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Brceptible  when  the  scenting  material  has  evaporated  ;  and  m 
idition,  large  percentages  of  valuelejss   **  loading  "  (petroleum 
jrdrocarl>ons,  ttc)  are  added  to  incre^ise  the  weight,      Ju  short, 
iosparent  toilet  soaps,  like  artificially  mottled  sctjurinir  soape, 
e  articles  in  the  pun^hase  of  which  caution  is  pre-eminently 
siraVjle,     For  further  details  concerning  tninsj^mrent  and  other 
;  soaps  and   their  manufacture,  vifk  the  author*s  **  Cantor 
ttires  on  the  Manufacture  of  Toilet  Soaps  "  (Journa/  Society  of 
Art^,  1880). 

_  Soap  Xjeaves, — A  very  convenient  form  of  soap  for  travellers 
K  obtained  by  melting  a  gmxl  quality  of  stock  stmp  with  a  little 
Hrater;  perfuming  to  taste,  and  pissing  sheets  of  tissue  paj:*er 
Ibrough  the  fluid  ;  the  paper  thus  filmed  with  soap  is  dritnl  and 
^Ut  up  into  leaves,  one  of  which  generally  suiiices  for  oiilinary 
washing  of  the  hands,  etc.,  thus  avoidiug  the  necessity  of  having 
to  carry  alxjut  a  wet  cake  of  soap. 

Marbled  Soaps  and  Harlequin  Soaps, — A  peculiar  m.irhled 

K»pearaace  is  sometimes  given  to  st>ap  balls,  tablets,  ttc,  by 
melting  a  more  or  less  white  stock  soap,  and  running  it  into  a 
^niall  frame  ;  a  comb  with  wide  teeth  is  then  (Iip|>efl  into  a 
colouring  composition  (melted  s^^ap  with  pi^nu»iits  ur  disscJved 
olouriuir  matters),  withdrawn,  ;ifid  |';lsm  i|  [Jnoii^^b  the  semitluid 
ap  in  the  frame,  so  as  tt»  streak  it  i.  i  Mdititr  to  fimcy.  The 
ae  method  is  applical>le  to  ct*ld  jft.^-,  i  (UnjM.^iUMiis,  before 
liey  have  completely  solidified.  By  ctitiiu^'  up  |jicct  s  t>f  variously 
lied  soaps  into  fragments,  and  scattering  them  thrijugh  a  cold 
8S  transparent  soap  mass  on  the  point  of  solidifying,  a 
mixture  of  transparent  soap  with  variously  tinted  lumps  inter- 
sjsersed  is  ultimately  obtainetl ;  wlien  cut  up  and  stamped  into 
tablets,  these  are  aoraetimea  sold  as  "  harlequin  soaps/'  Tablets 
w^  some  times  ornamented  by  stamping  a  device  somewhat 
■eeply,  and  then  tilling  the  grooves  with  melted  coloured  trans- 
parent soap,  dtc. 

Shaving  Creams. — Cold  process  soaps  made  from  refined  lard 
hr  other  superfine  fatty  matters  and  caustic  potash,  not  used  in 
pcess,  are  usually  the  basis  of  these  prept-i  rat  ions  ;  to  facilitate 
lathering,  a  small  quantity  of  the  finest  cokernut  oil  is  often 
jhdded.  The  rcsultirvg  mass  is  ultimately  ground  in  a  niarl>le 
»rtar,  itc,  with  scenting  materials  (oil  of  bitter  almonrls  for 
imoiid  rrrjtwi,  and  so  on),  glycerol  or  other  emollient  ingi'edients 
ing  aflcled  t-o  taste,  and  sometimes  tinting  materials — e,ff,,  a  few 
ins  of  vermilion  per  lb. —  to  give  a  faint  fiesh  colour,  ifec.  A 
imed  concentrated  alcoholic  solution  of  soap  forms  a  variety 
aetimcs  known  as  *'  liquid  soap/* 
NeutraliBQd  Soaps. —  l^'or  certain  special  purposes  it  is  highly 
important  tliat  the  soap  employed  should  be  as  devoid  of  free 
alkali  as  possible.  In  order  to  eifeet  this  object  a  variety  of 
Bthods  have  been  proposed  and  more  or  less  largely  employed. 
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^nerality  of  ixei  mt{ 
the  openitjoti  of  "fitting*'  (pt  4j1I| 
mux  entAngle<i  alkaline  lej  pram 
ftvitig  btf^ti  unshed  nut  dun^^  itut 
^tlMUisaiig**   in   this   wa}-  90  «  to 
l]k#  sim|>  be  agiiin  liciiled  down  m  « 
cord  8oiip  is  always  eoti*i<W- 
1  kty,     A  metliod  used  vtth  taoie 
Itiiig  (p.  441)  the  soap  to  be 
of  finiy  matter  whicli  beooma 
•atni^Dt ;  inasmuch,  however,  ii 
Qwliottmted,  this  method  rarelf 
«xcv04iitg  in  crises  where  Uie  Ml- 
■nl  Wlgrly  of  fr«*e   fatty  acids  like 
oil.*    Ill  the  inanufa.cturE'of 
ly  1^  s|iirit   process^   any   carl>onat«d 
Md  is^  conse<:iuently,  separated 
if  roaui  he  directly  added,  the 
conv«ftod  into  resinate  and  so 
mMnom  or  latty  materials  are 
%ik  %  9<i<i^  IMiss  IB  A^  Milling  process^  no  action  tnsnes 
Hi  lUnfe  «ihI  llb»  IN»  dIfaM;  an  Umi  "  sufierfatte<]  *'  soa[« 
_  fusion  of  the  glyceridw 

«Mi^liSt  liraalliildiileA^OMlftill  sitnultar^eously  excess  of 
■  iiililfcii fj^illlliw^  like  illi|)erlW'tIy  made  cold  pro- 
ICV     TW  etfcee  »  ■■Mwmimm  saJt  proce^is,  referred 
ftcti  equally  well  in  the  way  of 
applied  to  soap  shavings  during 
eta^  dltraig  remelting,  or  to  soap 
paa:  aay   alkaline    carhonate  or 
a  aewtfal  ml%  with  stmuluneous 
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mmujL  omnsntT  of  soap-soap  analysis. 

br  adUiiMtt  1»  variaaa  foiaai  nteTioasly  discussed  in  connection 
wti^  llie  jteaetal  laliffMiwI  ana  n^yskal  pitipenies  of  oik,  kc,  a 
variety  of  a%ber  laatnii  ar»  m  womm  iMteMl  relating  to  tbc 
ptf^ttrtMa  «if  9oaps  of  Yitfioas  kiiidk 

of  ib«  madder  porple*  for  wkioli 
W%«  «iQ«  to  tb^ir  pracUot  of 


tlMfim«f 


W^UJl  Walte*  llltM^ectMily  of  ( 

lloyl»  Jfc  Sum  w«i«  m$  fcaiiaifc ' 
b*  best  Kiaps  procaialil*  witk  aa 
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As  already  explained,  what  is  ordinarily  meant  by  the  term 
'**soap'*  is  Kirnply  the  various  substanecH  obtainable  consisting 
if  the  alkaline  (poUisb  and  soda)  salts  of  the  various  fatty  acids 
contained  as  glycerides  in  oils  and  fats,  antl  of  the  rosin  acids 
containetl  in  colophony  and  allied  resinous  matters.  Numerous 
corresponding  salts  of  the  alkaline  earths  and  heavy  metals, 
however,  exist,  all  of  which,  strictly  speaking,  arc  also  soaps — 
e.g.,  the  lime  '*  rock "  obtained  in  the  manufacture  of  candle 
stearin e  {]^p.  365,  373),  and  the  '4ead  plaster''  obtained  by  mixing 
to£[ether  olive  oil  <or  other  analogous  oil)  and  litharge.  As  a 
eneral  rule  these  earthy  an<l  metal  lie  soaps  are  insoluble  In 
ater,  at  any  rate  as  compared  with  alkali  soaps ;  so  that  on 
'ding  a  metallic  salt  solution  to  an  aqueous  solution  of  alkali 
soap,  dfjuble  decomposition  occurs,  and  a  precipitate  is  formed  of 
the  metallic  soap,  Tims,  for  example,  the  applicability  of  Clark's 
p  test  for  lime  and  magnesia  in  water  depends  on  such 
Lctions — «.</,,  in  the  ease  of  stearates — 


Bodkam  8UAr»te. 


Onldtim  SultitiAte, 


Cjlduiii  gt«Anit«. 


Soilluin  Sult»lui«. 


iSimilarly  tila<lding's  test  (p.  501)  ft^r  rosin  acids  in  soap  depends 
l^n  the  precipitation  of  silver  stearate,  oleate,  itc,  insoluble  in 
1«ther  containing  a  little  alcohol  when  silver  nitrate  act-s  on  an 
I  alcoholic  St  4  ut  ion  of  mixed  alkali  salts  ;  whereas  silver  resinati! 
[is  soiulile  in  that  medium. 

Alkali    soaps    often    ptjssess    in   a    high    degree    the    j>eculiar 

property  of  gelatin  and  other  colloid  ixxiies — viz.,  that  whilst  on 

heating  witli  hot  water  they  apparently  dissolve  to  an  ordinary 

solution,  on  CiKiling  this  doea   not  allow  crystals  of  material  ti:> 

r  form  throuL^di  dinnnished   solubility  on   acctiunt  of  lowered  tem- 

'  perature,  but  instcarl   sets  to  a  more  or  less   firm   jelly.      This 

property  of  **  jellifying  '  is  uften  used  as  a  pnictical  test  of  the 

value  of  srjap  for  certain   purj:H>ses ;  a  knfiwn  weight  of  soap  is 

I  dissolvetl  in  water  (con vpniently  Ij   ounce  to  a  pint  -  20  fluid 

kounees,  or  l>2*5  grammes  per  litres  and  the  solution  allowed  to 

►  eiKil  ;  the  nite  at  which  the  tluid  gelatinises,  and  the  texture  of 

rthe  resulting  jelly  are  noted.     IVeferahiy  the  soap  is  dissolved 

['in  about  half  the  total  <|uantity  of  water,  iKiiling,  and  when  all 

lis  in  solution  the  rest  ot  the  water  is  tidcled  colcL 

Although  alkali  soJips  are  usually  freely  solui)le  in  wat«r, 
cially  when  hot,  yet  the  presence  of  certain  other  substances 
lin  Bolutitrii  prevents  their  dissolving,  whilst  the  addition  of  these 
substances  to  aqueous  soap  solution  causes  the  precipitjititm  of 
more  or  less  nf  the  dissolved  soap  ;  thus  the  process  of  **  salting 
out"  half  made  soap  in  the  open  pan  Ixiiling  process  (p,  169) 
dei^ends  on  the  less  degree  of  solubility  of  soap  in  brine  than 
in  pure  water.      Similarly,   when  curd  soap  is  Ixiilcil  tlown  on 
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an  alkaline  ley,  the  snap  is  rendered  less  and  less  soluble  in 
the  watery'  lii^uor  as  the  concentration  proceed^  and  at  the  end 
of  the  operiition  i.s  wholly  insoluble  therein,  even  if  partiaU}' 
Holuble  at  hnit  when  the  ley  was  weaker. 

The  proportion  of  salt  relatively  to  water  required  to  rendi 
a  given  srmp  insoluble,  oVjviously  varies  with  the  nature  of  the 
fatty  acitl.H  present ;  thus  whilst  sodium  stearate  and  pdmitate 
are  precipitated  frum  solution  by  companitively  small  amounto 
of  salt,  eokernut  and  palmnut  oil  soaps  are  sulficientiy  solubl 
to  remain  dissolved  in  sea  water,  which  usually  contains  3  to 
4  per  cent,  of  dissolved  solid  matters,  mostly  sodium  chloride. 
Ill  hot  brine  the  solubility  of  soap  is  usually  greater  than  in 
cold  :  thus  in  the  course  of  a  variety  of  experiments  on  tlie 
solubility  of  soaps  in  sidine  solutions  Whitelaw  found  *  that 
tallow  soaj*  was  c-ompletely  soluble  to  a  clear  fluid  in  a  boiling 
solution  contairdnf^  not  more  than  3*0  per  cent,  of  NaCl,  the, 
whf»le  settiri*(  to  a  firm  jelly  ou  cooling  j  wdiilst  palmnut  oil 
soap  diss* lived  clear  in  a  lx*ilin*(  solution  coutziining  not  more 
than  13*0  of  IvaCl,  a  large  portion  of  the  soap  being  thrown  out 
of  solution  on  cooling. 

The  curd  thrown  out  of  solution  by  salting  retains  an  amount  of 
uftfiooiated  water  incapable  of  expression  mechanically  by  moderate 
pressure  in  a  dry  cloth,  and  hence  not  in  quite  the  siime  condition 
us  orthnary  mechanic^dly  entangled  fluid  ;  the  amount  of  this 
water  varies  inversely  with  the  concentration  of  the  saline  solu' 
tion  ;  thus  the  longer  a  curd  soap  is  boiled  down  on  the  ley 
as  to  cfincentrate  lb  is,  the  less  is  the  proportion  of  inoisturti: 
retained  by  the  soap  after  .separation  from  the  ley  and  frami 
so  as  to  solidify.  In  similar  fashion,  Whitelaw  found  that 
olive  oil  soap  retained  the  following  amounts  of  water  after 
an  hour's  Ixiiling  with  di liferent djrijie  solutions  : — 


le 


*    1 


SftEt  la  Briue. 

8  per  cent. 
17        „ 
27  (saturatetl). 


W»tffr  in  CnrtL 
31-6  percent 
23'7        M 
101        u 


Hydrolysis  of  Soap  Solutions.^ — When  soaps  are  dissolved 
in  abaithite  alcohnl,  or  in  spirit  containing  but  little  admixture 
of  water,  no  visible  decomposition  ensues ;  a  neutral 
gives  a  solution  which  lias  no  action  on  suitable  indicai 
— e.<f.,  phenol phthalein.  If,  however,  water  l)e  substituted  foi 
spirit,  the  soap  is  more  or  less  broken  up  into  caustic  soda  j 
an  acid  soap — t\ff.^  in  the  case  of  stearate— 

Soilhim  SlMnlc.  Witcr  CwuRtlc  SoiU,  g<Mli«m  Adi  Sl«w 

A  pretty  way  of  illustrating  this  action  is  to  Ixiil  a  piece  of  dried 
•  Jo«m,  Soc,  Chem.  Ind.,  188C,  p.  £0, 
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soap  with  alcohol  to  which  a  little  phenolphthalein  has  been 
added,  and  filter  the  solution  into  a  tall  jar  or  large  test  tube ; 
the  solution  should  be  strong  enough  to  set  to  a  firm  jelly  on 
standing.  When  set,  a  little  distilled  water  is  poured  on  the 
top  of  ihe  jelly ;  this  hydrolyses  the  soap  in  the  top  layer  so  as 
to  turn  it  pink  by  the  reaction  on  the  phenolphthalein  of  the 
liberated  alkali.  On  standing,  the  water  gradually  dialyses 
downward  through  the  colloid  soap  mass,  and  the  pink  colour 
descends  with  it. 

By  adding  salt  to  an  aqueous  solution  of  soap  so  as  to  salt  out 
the  curd  completely,  filtering  off,  and  examining  the  filtrate 
alkalimetrically,  tlie  amount  of  alkali  set  free  under  given  condi- 
tions can  be  determined  ;  or  the  same  result  can  be  got  at  (with 
more  trouble)  by  collecting  the  salted  out  curd,  washing  with 
brine  over  the  vacuum  filter,  dissolving  the  curd  in  absolute 
alcohol,  and  titrating  the  acidity  with  phenolphthalein  as  indi- 
cator. A  long  series  of  observations  thus  made  led  to  the 
following  results  : — * 


HjrdnilyBU  broujrht  about  by  x  Molecules 

Mean 

of  Water. 

Fattj  Acids. 

V.V^ 

2.120 

z-260 

x--«)0 

1-7 

«-iooo 
2  6 

x-2000 

Pure  stearic  acid, 

284 

0-7 

10 

3-55 

Nearly  pure  palmitic  acid. 

256 

1-45 

1-9 

2-6 

315 

3-75 

Cmde  lauric  acid  (cokemut 

oil) 

195 

3-75 

4-5 

5-4 

6-45 

71 

Pure  oleic  acid, 

2S2 

1-85 

2-6 

3-8 

5-2 

6-65 

Crude  ricinoleic  acid, 

294 

1-55 

2-2 

30 

3-8 

4-5 

Chiefly    stearic,   palmitic, 

and  oleic  acids  (palm  oil 

tallow  soap), 

271 

11 

1-55 

2-6 

41 

53 

Chiefly  tallow   and    rosin 

(primrose),      . 

280 

1-5 

2-2 

31 

4  2 

6-3 

Cottonseed,       . 

250 

2-25  ,   30 

5  0 

7-5 

9-5 

Fig.  143  represents  these  results  in  the  form  of  curves,  from 
which  it  would  seem  to  result  inter  alia  that  amongst  homologous 
aoaps  (stearic  acid,  palmitic  acid,  cokemut  oil  acids)  the  higher 
the  molecular  weight  the  less  rapid  the  hydrolysis. 

If  extra  alkali  be  added  to  the  soap  solution,  the  hydroljrtic 
effect  is  proportionately  weakened,  as  suggested  by  the  character 
of  these  curves,  concave  downwards ;  thus  the  following  figures 
were  obtained  with  some  of  these  same  soaps  : — 


*  Alder  Wright  and  Thompson,  Joum,  Soc.  Chem,  Ind.,  1885,  p.  625; 
Alder  Wright,  <*  Cantor  Lectures,"  Society  of  Arts  (Journal  Soc,  ArU, 
zxxiiL,  1885,  p.  1124). 


1     -t3£ 

!££*;!&*• 

1  .-» 

r*»     1 

i-i    ' 

■a. 

l-f 

iiiL 
01     1 

ml 
11 

Md  detdigait  artion  of  soap ;  tb 


set  hte  hmlf€  U*  mmHtfy  gressj  matters. 
tiieir  RiBOPval  bx  wnshiDg  oat  under 

Solntioii  or  of  Fused  Soap  on  In- 

— WIkoi  m  aokntioa  of  sodium  ehlctriilt' 

r  out  of  pnAASsium  carhoriate  to 

iMifl  0II9  bnse  prEsetit,  obviously,  no 

double  decuipositlon  and  exchange 

if  sodhm  diloride  be  ailded  to  & 

'mm  cblondb  to  a  ^odm  ^uap ;  or  if  potassitim 

to  a  soda  aoap  cir  aodium  carlionate  to  » 

c(f  tbeae  cases  it  is  tit>U  knoi^^  tbjit 

tbas,  if  a  poUudi  soap  be  mode 
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boiling  f&tij  matter  and   woml  ash   loy   together,  and  srdiuni 
[chloride  l>e  then  us**d  to  salt  it  uiifc  of  SMlution,  the  resulting  cure! 
largely  composed  of  soda  soap  formed  by  the  reactiun  (in  the 
of  stearate). 


BodJum  Chloride. 
NaCl     + 


FotafiKlam  Stear4t«. 


Sodium  Stearaie.      PotaHsTum  Chloride. 
Na.O.Ci^HaaO     +     KCl 


N 


fin  former  days  this  reaction  was  utilised  to  prepare  hanl  soaps  in 
I  places  where  wood  ashes  only  were  f»l>tairiahie  iis  alkali  (p.  473). 
[Similarly,  it  has  long  been  a  pnictice  to  improve;  the  softne^sn 
and  texture  of  so<la  soaps  i mended  for  toilet  soapinak Lng  by 
Iremelting  and  **  pearhxshiiig "— r.^*,  adding  to  the  melted  soap 
[potassium  carbonate  dissolved  in  a  little  water;  the  rationale  of 
I  which  hsus  been  shown  to  Ije  *  that  flouble  decomposition  taken 
[place  with  formation  of  psitash  soap  antl  sodium  carlxmate, 
[thus — 

Sodium  St«&miB.       PotMislam  CarbciDcLt^.     Potjiagium  Sto.irate.      Sndlnm  Citrboaat<». 
2Nft .  O .  Cj^HaiO     +     KjCO^j     ^     2K .  U .  Cj^Ha^O      h     XanCOa 

The  presence  of  the  potash  soap  makes  the  resulting  mass  lesa 
h'able  to  crock  during  stamping,  and  also  gives  it  better  lathering 
qualities. 

In  these  and  all  similar  cases  the  general  principle  involved 
seems  t^i  l)o  this.  Potassium  and  sodium  are  so  related  that  when 
Vnjth  alkalies  are  simultaneously  in  presence  of  two  acids^  one 
weaker  than  the  other,  the  potash  tends  to  unite  with  the 
stronger  acid  and  the  soda  witfi  the  other.  Thus  when  stearic 
»nd  hydrtjchloric  acids  are  in  question,  the  prevailing  tendency  is 
t«j  fi>rm  potfkssiuni  chluri<le  an*l  sodium  stearate,  because  hydro- 
chloric acid  is  the  stronger  acid  uf  the  two ;  whilst  when  stearic 
and  t^rljt>nic  acids  are  the  two  aL'ids,  the  cliief  tendency  is  to 
form  potassium  steanite  and  sodium  carlionate^  V>ecause  stearic 
jicid  is  a  stronger  acid  than  carbf»nio  acid*  As  in  nujst  analogous 
cases,  however,  the  cjuestionof  relative  masses  is  also  concerned 
in  the  result ;  if  these  be  suitably  chosen  the  actions  may  to 
some  extent  be  revene  I^e.r/.,  if  a  large  mass  of  potassium 
chloride  act  on  a  relatively  small  quantity  of  sodium  stearate,  a 
notable  amount  of  soft  |>otassinin  stearate  is  formed  with  a 
corre.sp)ntling  quantity  of  sodiuin  chloride,  in  o])position  to  the 
above  tlescribfNl  actions  occuri'ing  when  the  masses  of  potassium 
and  s<j<Jium  salLs  are  not  widely  diHerent*  Similarly,  if  a 
relatively  large  amount  of  sodium  carlionate  acts  on  a  small 
quantity  of  fused  potash  soap,  a  measurable  amount  of  soda 
siwip  and  a  corresj>ondiiig  quantity  of  potassium  carlionate  are 
produced,  notwithstanding  the  usual   tendency  to  the  opfiosito 

*  Alder  Wright  tind  Thompson,  Jouru,  Soc,  Chem,  lad.,  1SS5,  p.  C25. 
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change.     Thu^   the  following  figures  were  obtained  by  Akkr 
Wright  and  Thompson  {loc.  ciL  st4pra) : — 


(f )  Sodft  S0Kp9  fnwd  witb 

1                                    1 

R,COa     Ferc«aU|^  of  t«it»l 

Faity  AddA  praaaak 

totmt  i  »lr  Acids  pEwU 

FAtty  Acids  Eiu^loyod. 

1 

EqqiTuJent  to  Aettnllv  pod- 

EqnivAlcBt  to  AoladSfm^ 

the  K^-Oi      ^ited  inift 

ifaaXtfOOj 

fwrtttd  into  1 

added.        Pouaaiiaap. 

ftdd^ 

a»«»a<i^| 

Stearic  and  oleic  (tallow), 

10-4               8-0 

... 

*i                      t« 

467           34*4 

•  >■ 

»« 

lUO-O           97-95 

100i> 

4-3 

104-2           99-0 

1000-0 

U^ 

Stearic,     palmitic,     and  1 

oleic  (palm  oil  and  taU  [ 

5712           521 

... 

low),    ,         .         .         / 

f  1                     11 

lOB^O           90*8 

177D 

95     i 

Crude  latiric  acid  (coker-  \ 
ntit  oil),       .         .         ,  J 

62-8           46  4 

... 

114-8      ,     87-9 

197« 

fi-S 

Cnide  riciaoleie  acid  (cas  ( 
tor  oil),        .        .        .  i 

50^           48-4 

M                                        M 

100-0           93*8 

2050 

8-i 

i 


Obviously  the  proportion  of  potassium  carbonate  conyertod 
into  potash  soap  in  the  series  (a)  is  uniformly  much  larger  tlian 
the  friiction  of  srxHuBi  carbonate  convert^  into  sodium  soap  ifl 
series  (/>) — ie.,  not  far  from  the  maximum  pi>asible  in  the  firitcai^ 
and  only  a  few  per  cents,  in  the  second  ;  nhowing  the  modi 
stronger  tendency  towanls  the  first  change  than  towards  lU 
converse. 

In  similar    ffi-shion    the    frjllowing  figures   were    obtained  oo 
salting  out  potash  soaps  with  sodium  chloride,  and  soda  soape 
with  potassium  chloride ;  in  series  (a)  m  molecules  of  water  werij 
used  to  dis.soh'e   1   of  potash  soap,  and  n  molecules  of  sodii 
chloride  added  ;  in  series  (6)  vi  molecules  of  water  were  added 
1  of  soda  soap,  and  n  molecules  of  potassium  chloride  added : — 


apt 

entfl 


1 

out  Willi  N»CK    Per- 

e<ruU«trorF»tt]r  Add 

c«iife^«rite(rA<M 

Fatty  AflJ  r»#vl. 

0k 

«. 

iaCurd. 

laClBd. 

AiPntwh 

ABfMit 

JlsFwtaA 

Mm»^ 

tai*. 

»mt^ 

'**P 

^m^ 

Stearic    and    oleic    acida 

(tallow), 

100 

5 

10-5 

8d'5 

79*1         205 

Stearic    and     oleic    acids 

(taltow), 

200 

20 

51 

94-9 

82-1          11^    li 

Stearic,  palmitic,  and  oleic 

acitl*  f  palm  oil  *  tHllow), 

20O 

20 

38 

96-2 

958 

« 

Crude  kiuic  acid  fcoker- 

nut  oil), 

200 

20 

5-4 

94-6 

74  •« 

25^ 
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Here  the  disproportion  between  the  results  in  the  (a)  series  and 
those  in  the  (6)  series  is  much  less  than  in  the  case  of  carbonates, 
although  it  is  still  obvious  that  on  the  whole  there  is  a  greater 
tendency  for  sodium  chloride  to  form  a  soda  soap  by  acting  on  a 
potash  soap,  than  for  the  converse  reaction  to  occur. 

The  same  result  follows  if  a  mixture  of  equivalent  quantities 
of  potash  and  soda  soaps  (obtained  by  halving  the  fatty  acid,  and 
neutralising  one  half  with  one  alkali,  and  the  other  with  the 
other)  be  dissolved  in  water  and  salted  out  with  a  mixture  of 
equivalent  quantities  of  potassium  and  sodium  chlorides ;  a  much 
larger  proportion  of  soda  soap  is  thus  separated  than  is  equiva- 
lent to  the  potash  soap  simultaneously  thrown  out  of  solution, 
the  precise  proportion  varying  with  the  nature  of  the  fatty  acids. 
Thus  the  following  figures  were  obtained,  indicating  from  1  '6  to 
5'7  molecules  of  soda  soap  to  1  of  potash  soap : — 


Fattj  Add  Used. 

Percentage  of  Fattj  Add  contained. 

Molecular  Ratio  of 

Soda  Soap  to 

As  Potash  Soap. 

As  Soda  »tM\>. 

Potash  eoap. 

Pure  oleic  acid, . 

:«o 

620 

1-63  to  1 

Grade  ricinoleic  acid  (from 

castor  oil), 

17-8 

82-2 

4-6   tol 

Stearic,  oleic,  and  rosin  apids 

mixed  (primrose  soap),    . 

17-2 

82-8 

4*8    tol 

Grade    lauric    acid   (from 

cokernut  oil  soap), . 

151 

85  9 

5-7    tol 

It  is  remarkable  that  when  only  one  acid  is  present,  or  a 
mixture  of  organic  acids  not  greatly  differing  in  strength,  the 
proportion  of  soda  and  potash  soaps  formed  by  acting  on  a  mixture 
of  the  two  bases  is  sensibly  the  same  as  the  proportion  of  the 
bases ;  thus  with  equal  molecular  quantities  of  potash  and  soda, 
and  amounts  of  acid  exactly  equivalent  to  either  of  the  alkalies 
separately,  or  to  one-half  of  the  two  jointly,  the  following  figures 
were  obtained : — 


Fatty  Adds  Employed. 

Pure  stearic  acid, 

„     oleic  acid, 

Grade  stearic  and  oleic  acids  (tallow),    . 

„       stearic,  palmitic,  and  oleic  acids  ) 
(palm  oil  and  tallow),                .  \ 

„      lauric  acid  (cokernut  oil),    . 

Mean, 

PercenUw  of  ToUl  Fatty  Acid 
converted  into 

Snda  Soap. 

Potash  Soap. 

51-2 
60-8 
61-5 

48-2 

49-7 

48-8 
492 
48-5 

51-8 

50-3 

1 

50-3 

49-7 
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In  similar  fa-sliion,  if  a  scxla  soap  be  melted  and  well  inter- 
mixed with  juHt  as  mueJi  caastic  potash  aH  is  chemically 
equivalent  to  the  soda  present^  or  if  a  polish  soap  lie  similarly 
treated  with  the  equivalent  amount  of  caustic  soda,  the  result  in 
either  civse  is  the  formation  of  a  ii>ixture  of  potash  and  soda  soaps 
in  practically  ei|uivalent  fjuantities. 
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The  geneiTil  composition  and  character  of  soaps  of  different 

kinds  l>eing  subject  to  considerable  variation,  the  analytical 
detenninations  most  useful  in  certain  cases  are  not  always  thoso 
most  Viduable  in  other  iiistanees.  Thus  in  the  case  of  a  fulling  or 
wootscouriiig  soap,  freedom  from  excess  of  alkali  or  from  alkaline 
salts  (silic4ite,  ttt\)  that  might  net  injuriously  on  the  wool  fibre  is 
the  most  important  point,  tt»gether  with  the  proper  nature  of  the 
fatty  matters  employed  ;  whilst  in  the  case  of  a  laundry  soap, 
freedtmi  from  exeess  of  alkali  is  not  at  all  an  iniportant  condition, 
the  presence  of  certain  kinds  of  alkaline  material  ( more  especially 
alkaline  carlxmates)  being  generally  beneficial  rather  than  other- 
wise, ntferiii  paribus.  In  all  cases,  hoivever,  a  highly  important 
considenition  is  tlie  proportion  of  actual  soap  present^ — ju#».,  the 
proportion  of  the  alkaline  salts  t»f  fatty  and  rest  nous  jicids,  apart 
from  other  saline  matters^  u nco n i hi ned  alkalies^  unsaponilied 
glycerides,  water,  glycerol,  and  subst^inces  ackled  to  give  weight, 
or  to  increase  the  stillness,  or  the  detergent  action,  or  for  other 
re^isons.  An  examination  of  the  fatty  tunds  set  free  on  decom- 
position with  a  miner. 1 1  acid  is  often  nsefuh  fis  giving  information 
as  to  the  natin*e  and  i|uaUty  of  the  fatty  matters  originally 
emphn ed  ;  the  first  results  Ijcing  ajrrected,  when  necej^sjiry,  by 
dctennining  the  amount  of  unsnponitied  fit  present,  and  also  the 
amNuiit  and  ^^eneral  nature  of  unssiponi liable  constituents,  such 
as  cholesterol,  hydrocarbons,  kc.  Moreover,  with  certain  kinds 
of  medicated  and  disinfect^mt  soaps  the  am<mnt  of  active 
ingredient  incorporatetl  therein  requires  determination. 

When  the  annmnt  of  total  alkaline  matter  present  (sodfl, 
cH-  |w>tiiiih»  or  l)oth)  is  knuwn,  expressed  as  anliydrous  oxide 
(Na^O,  or  K,.0)  and  also  that  portion  which  is  "free** — t\f\»  not 
ctnnlMned  witli  fatty  and  resinous  acids,  the  difference  obviously 
rejtresents  the  combined  alkali  contained  as  actual  s<mp  :  i\f.,  if 
the  percentiige  of  "total  alkali  "  (expressed  as  Na.>0)  be  a,  and 
that  of  "free  alkali  ^  ^i,  «  —  6  is  the  percentage  of  ** combined 
alkali/'  Similarly  if  r  lit?  the  percentage  of  crude  fatty  acids,  <tc., 
obtained  on  deeomjiosition  %vitli  a  mineral  acid,  whilst  d  is  the 
percentage  of  unsapoiiilied  grease  and  uiisaponifiable  matter* 
present  therein  a<hiiixe<l  with  the  jmre  fatty  acids,  c  -  tl  is  the 
pcrcenuige  of  fatty  acids   contained   combined   as   soap.      Tho 


P 


ANALYSIS   OF   SOAPS.  493 

ireight  of  actual  soap  present  then  ia  a'-b  +  {c-d)-n  per  cent., 
where  n  is  the  amount  to  be  subtracted  in  order  to  calculate 
fivtty  acids  into  fatty  anhydrides  (the  soap  being  viewed  for 
present  purposes  as  made  up  of  compounds  of  metallic  oxides 
ind  the  anhydrides  of  acids,  such  as  Na,0,  (C]jjH3^0).20  for 
aodium  stearate,  and  so  on).    Obviously,  if  the  alkali  be  expressed 

9 
«B  Na^O,    n  =  „r- (a  -  6) ;   whilst  if  it  be  expressed    as  KoO, 

9 

i»  =  (a-b);  so  that  in  the  first  case  the  percentage  of  actual 

floap  is — 

a-6  +  {c-d)-  3^-  {a-h)  =  3^  {a-h)  +  (c-rf) 

and  in  the  second  case — 

Q  QQ.1 

a-b  +  (c - rf) - ^^;-i  («-&)=•  47.1  («-^)  +  (<^-<i) 

For  instance,  suppose  that  a  soda  soap  gave  the  following 
results  on  analysis — 

Crude  mixture  of  fatty  acids,  &c.,      =      c       =      67 '05  per  cent. 
Unsaponifiable  matters,  &c.,         .      =      d       =        1'80        ,, 

Fatty  acids  present  in  soap,    .      =   c-d    =      65*24        „ 

Total  alkali  (expressed  as  NajO),        =      a       =        8 '55        ,, 
Free  alkali  „  =      h       =        085 

Combined  alkali  present  in  soap,  =    a-b    =        7  70        ,, 

Hence—  »»  =  Vf  ^  770  =  223 

Whence  the  fatty  anhydrides  are     65  25      -      2  23      =      63  02 
And  the  actual  soap  present      =      63*02      +      7  70      =      7072 

The  analysis  would  then  be  stated  thus — 

Fatty  anhydrides,      .        .     63*02  per  cent.  \  Jointly  =  7072  per  cent,  of 
Combined  alkali  (Na20),    ,      7*70       ,,         j      actual  soap. 
Unaapooifiable  matters,  &c.,    1-80       ,, 

Water,   free  alkali,  saline  )  /Containing  free  alkali  equi- 

matters,   &c.  (by  differ- [27*48       „         I      ^a^ent    to  085    per  cent. 

«**^) I \     Na,0,or!j:?^=aboutjof 

10000  V     the  combined  alkali. 

In  order,  therefore,  to  determine  the  percentage  of  actual  soap 
present,  the  four  quantities  a,  6,  c,  and  d  must  be  determined  ; 
during  the  course  of  which  analysis,  the  separate  percentages  of 
potash  and  soda  may  conveniently  be  also  determined  (when  the 
two  alkalies  are  simultaneously  present) ;  moreover,  whilst  c  and  d 
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iin*  hiding  Rcjmmtotl  from  one  another,  the  respectiTC 
^insMttonirifHl  ^(lycc^ridoB  and  of  unsaponiBable  matterB  present  in 
nmy  1r*  eniivriiipnily  detennined,  and  further  examixialaoni iMdft 
an  in  t  lin  rharacterK  t>f  the?  separated  and  purified  fatty  adds,  c -4 
and  of  tbo  tmsaponi liable  matters;  in  particular  the  prO])Oftloiiof 
r4»Hiri  iivkiti  m  the  fot-nier  may  be  determined,  an  also  the  mehinf 
jMiiiii,  X'L\^  so  iui  to  4)bliiin  information  as  to  the  probable  natareof 
the  futty  rnalttTs  used.  This  last  point,  however,  is  one  wb< 
arialylk'al  data,  hh  nnvhy  often  fail  to  give  satisfactory  results— i 
the  iiiHpectiun  of  the  mixed  fatty  acids  and  the  valualion  of 
fiinivi^  poiiitH*  itc,  often  leads  t^j  nothing  definite ;  in  some 
bciwrviT,  tho  aijplication  of  other  tests  (qualitative  or  qoantiti^' 
tive)  Irjulw  to  Useful  results — e.f^,^  the  elaidin  test,  <fcc. 

'Die  avuTORi?  iiioleeular  weight,  E,  of  tht*  fatty  acids  contained 
in  thn  Hoap  h  fiv*t|u*Mitly  a  datum  of  considerable  value;  thit  is 
rradily  detUuHHl  when  a^  &,  r,  and  d  are  known,  as  shown  on 
1%  17-,  being  given  by  the  equation — 


E  ==c 


E* 


:U,  wtteu  the  alkali  iM  expressed  aa  Na|0 


47  1 


K,0 


Thu»i  in  the  above  eacampl* 
65  25 


7U 


the  value  of  E  is — 


X  31  =  203. 


^ 


When  reijuireil,  tbt^  ]>ru portion  of  water  present  in  the  aoap  miy 
Ih^  directly  deti*rmiued,  as  also  any  other  constituents  present. 
siirh,  fur  example,  as  admixed  weighting  substances  of  minenl 
or  organ io  nature  (china  clay,  steatite,  sUirch,  sand^  bran,  ^cK 
Haline  mutt^TH  (sodium  chloride,  sulphate,  «ke.) ;  silicsa  (froo 
Mmlium  silicate)  ;  glycerol  _;  sugar ;  and  so  on. 

In  onltT  to  carry  out  a  complete  det-uled  analysis  the  foUov* 
ing  jnethinls  uf  pmoedure  have  hc^en  found  convenient  by 
uuthtn%*  the  exact  selectiou   to  be  made  varying  with  cinn 

f<t^lCO«. 

Water. —  A  convenient   weight  of  an  areraf/e  eampir  of 
soap  cut  up  into  thin  shavings  is  dried,  tirst  at  a  temperst 
somewhat  l^low  100"  so  as  to  a%'oid  fusion,  finally  at  110**-12< 
The  li>ss  tif  weight  may  be  token  as  water,  especially  when  ot 
volatile  substances  (carbolic  acid,  essential  oils,  ifec.)  are 

*  Various  mora  or  len  stoiilar  methoda  aad  proooata  1yiv«  baca  p^ 
vionalv  put  forward  by  othi?r  chemists— €.j^.,  C  Hiioi^  Ckemmt  y^^a, 
xUii,  flSSl),  p  :310:  Filsingcr,  Chtmiker  Z^Hun^,  Apfif,  1884;  AXUm^Om- 
mfrckU  Orffnnie  Antdjfns^  Second  Editioxu  voL  ii.,  p^  251;  Lecdi^  deaM 
,Vctet,  xlviiu  (I8S5),  p.  166;  Alder  Wnght  k  Tbompwn,  J« 
p.  44 ;  &a 
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ar  only  present  in  small   quantities.      For  many  purposes  this 
direct  determination  is  one  of  the  moat  important  valuations^ 
ipeciailv  in  conjunction  with  an  estimation  of  free  fiikali  ie.g.^ 
.  the  case  of  soft  soap)-    In  other  cases  the  direct  determination 
quite   unnecessary,   more   particularly    when    tlie   amount  of 
jcttial  soap  present  is  determiried,  water  unci  valine  matters  being 
inveniently  taken  by  diflTcrence,     Instead  of  I'educiug  the  soap 
thin  slices  and  drying  without  fusion,  the  amounfc  of  water  may 
>  arrived  at  by  heating  5  or  10  grammes  in  a  large  porcelain 
ticible  set  in  a  sand  Imth,  and  stirring  with  a  bit  of  glass  rod 
ireighed  with  the  crucible)  until  no  more  dew  is  deposited  on 
,  piece  of  trlass  placed  over  the  crucible  (the  lamp  being  reinoved). 
"hen  this  stage  is  reached  the  water  is  practically  all  expelled, 
tid  a  nearly  constant  weight  attained.     Care  must  be  taken  not 
I  overheat  and   burn  the  soap ;    the   glass  rod   should   have  a 
lugh  jagged  end  to  facilitate  the  breaking  up  of  clots.* 
J,  A-  Wilson  recommemls  t  w^eighing  out  alxjut  lJ-5  grammea. 
floap  in  a  dish  and  dissolving  in  about  5  c»c  of  absolute  alcohol 
r  means  of  lieat ;  alxnit   10  grammes  of  ignited  sand  are  then 
dded  and  the  w  liole  evaporated  to  dryness  ;  the  residue  is  again 
fe^ated  with  5  ex.  of  absolute  alcoliol  and  evaporated  and  tirmlly 
dried  at   100    to  105*  in  an  airbath.     The  adilition  of  the  sand 
I^M^Uitates  the   expulsion   of  water  along  with  the  alcohol,  and 
pniders   it    more    easy    to    treat   the   dried   soap   in   a   Soxhlet 
ppparatus  for  dissf)lving  out  unsiq:fonified  fat,  ttc* 
P    TTBsaponiflad  Pat,  Hydrocarbons,  Spermaceti,  Wax,  &c.— 
-■»  (or  preferat>ly  10)  grammes  of  sojip  are  tlried,  first  at   100'  or 
l>elow,  and  finally  at    120' ;  or  in  a  crucible,  or  with  alcohol  and 
sand  as  above :  the  residue  is  exhausted  in  a  Soxhlet  tulje  (p.  2*18) 
with  liglit  petroleum  spirit  ;  or  a  little  spirit  is  poured  on,  allowed 
digest,  pcmred  off  (if  necessary  through  a  tilter),  and  so  on  until 
tl  fat,  *fcc.,  is  dissolved  out     Ether  may  also  be  used,  but  is  more 
pt  to  dissolve  out  soap*     The  residue  left  on  e\aporation  of  the 
►Ivent  nmy  be  examined  as  to  its  physical  ]>ri:)perties,  and  the 
.ponihable  portion  thereof  determined   by  lieating  with  excess 
'standard  alcoholic  potash,  precisely  as  in  determining  the  "total 
dd  number"  of  an  oil  or  fat  (p.  157,  rf  nfq.)     When  saponiiica- 
ion  is  ci^tmplete  (which  may  in   some   cases  require  an   hour's 
lioiling    with   a    retlex    condenser,   or    more)    the    unneutralised 
Alkali  is  Imck-titratefl  :  the  exactly  neutral  Huid  is  then  e vapor- 
pied  and  the  residue  again  treateil  with   light  petroleum  spirit 
»o  as   to  dissolve  out  hydrocarbons,   cholesterol    or   otlier  aleo- 
holifonn  saponification   prothicts,   ti-c,  obtained  by  evap<>rating 
the  extract  ;  whilst  the  un*lissolved  portion  on  acidulatirm  and 
shaking  with  ether  enables  the  fatty  acids,  tVc,  produced  by  the 
^mfication    to  be  isolated  lor  examination*     In  ciLses  'Nvherc 

•  Watson  Smith,  Jonrn.  Sof^.  Jh/trj*  and  CohiivUt^j  vol.  i*,  p.  Z\* 
f  Chemkal  Kew$,  October  iM,  1S1*2,  p.  200. 
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a  full  examination  of  tho  unsajujnified  fat,  li'c,  m  requisite  |1 
prefemble  to  employ  a  larLrer  quantity  (50  grammes  or  eveo 
100)  of  soap,  ami  not  to  comliine  this  determination  with  I  hat  of 
water,  ttc\.  lost  by  drying.  As  a  rule  little  but  iinsap»uifiwl 
glycerides  are  thus  extracted;  but  **  oleine  "  soaps  often  cxintain 
II  snulU  f>ereenUige  of  hydroearlxms  containetl  in  tbe  oleine 
(distilled,  p.  278),  whilst  if  woolgrease  have  lieen  used  to  adul 
terate  tallow,  notable  amounts  of  cholesteroh  »i:c.,  may  lie  preseni 
Sf»ermaeeti,  vaseline,  «fcc.,*  niay  lie  pre8ent  in  sp»ecial  kinds 
toilet  simp ;  whilst  certain  laundry  soaps  are  purposely  inter- 
mixed with  parartin  oil  and  similar  hydrocarbons. 

The  unsjiponified  fat,  *tc.,   may  also   Ije  isolated  by  dissolv 
the  soap  (which  need  not  be  dried)  in  hot  alcohol  and  somewli 
clilutinj;  w  ith  water  ;    before  complete  cooling  a  little  ether  til 
ilmpped  in  (care   being  taken  that  no  light  in  near  to  inflaW 
etlier  vaptmr),   whicli  will   *:enerally  prevent   the  nia&s  gelat 
ising.     More  ether  is  added  and  the  whole  well  agitat^^ 
if  Reparatitoi  d*ies  not  occur,  more  water  is  added,  the  ethei 
solution  Iwing  finally  draw^n  off  by  means  of  a  sepaniting  fttcn< 
<ir  Chattaway*s  tube  (p.  120).     The  ethereal  extract  thus  obtaiiK 
usually  ctmtains  stiap,  so  that  it  should  be  evapjnited  and 
residue  dissi»lved  in  petmleunj  spirit  and  fi Iteretl,     Somelittk' 
ADiount  of  *' dodging^*  is  sometimes  requisite  Ut  get  the  alcob^ 
«ther»  and  water  in  the  right  proportions  to  bring  about  a  proj 
sepa ration  into  tw^o  fluid s^  one  a  watery  alcoholic  soap  aoluti* 
the  other  an  ethereal  solution  of  fat,  *kc. 

Fatty   Anhydrides   and    Total   Alkali. — The   residue  tie-] 
prived  of  fat,  tta,  by  )>etmieum  spirit  left   in  ths  Suxhlet  tu 
4!kS  al»*n'e,  is  dissolved  in  water  t  and  decomposed  by  boiling  with 
slight  excess  of  standard  acid.    On  standing  and  cixiling  the  Uitj\ 
«cids  se^iarate  as  a  cake,  which  is  washed,  dried,  and  w^eighed^J. 

*  When  w-;i\  la  present,  toluene  thasolves  it  out   in   the   Soxhlet  tuhfj 
tietter  than  petmleum  spint  (Schiiaihle), 

tif  mineral  matters,    &c,,  insoluble   in  alcohol   are  prcseiit,  the  vot^- 
raav  W  triNiited  {conveniently  still  in  the  Soxhlet  tube)  with  alcohol*  m 
to  ilis^lve  out  the  scnvji,  and  leave  the  insoluble  sub^tdncea.     In  thT; 
tlrj'ing  wilbont  addition  of  suinil»  Ac,  ia  preferable.     Tlit;  a't^li*  ' 
inuy  be  evftiiorate<l  to  drjuess  and  the  residue  veighed,  fKi  iiA 

deteniiine  urn  *' actual  soup'*  prcseot :  or  it  may  be  diluted  wiili  ....  r 

and  treated  with  excess  of  standard  acid^  ^c, 

tOr  tJie  hot  Huida  may  be  washed  into  a  septtratin^  funnel,  the  iiir»t«rf 
jKirt  run  otl',  and  the  fluid  fatty  acidit  washed  out  on  to  a  wet  filter  u  in 
determining  the  Hehner  number  of  an  oil,  &c.  (p.  166).  If  particks  of 
fatty  acid  adhere  to  the  vessels  either  in  this  mode  of  operating  or  witk 
the  solid  cake,  they  should  l>e  wa»hcd  off  with  a  little  ether,  *c.,  into  a 
^mall  beaker  or  basing  and  the  solvent  evaporated,  the  rest  of  the  fatty 
acids  beiiii;  .<^ubse^|uently  added,  and  the  whole  weighdl  together  after 
<lrying.  When  the  soap  contains  any  considerable  amount  of  soluble  fattj 
acids  (e.j^-,  when  made  from  mixtures  containing  ookernnt  or  palm  kernd 
•oil)  the^e  partly  remain  in  the  atjueons  liquor  from  which  they  may  be 
mostly  extracted  by  shaking  with  ether 
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and  then  subjected  to  such  further  tests  as  may  Ije  deemed 
necessary  (meltiDg  point,  elaidio  test,  ifcc),  more  especially  rosin 
acid  determination  {injru).  If  the  fatty  acids  are  very  soft,  ur 
are  derived  from  coker  or  palm  kernel  oO,  a  known  weight  (5  ur 
10  grammes)  of  b^esn-ax  or  paraffin  wax  may  be  advanta«;eously 
added  beft»re  crH>Hng  so  as  to  form  a  i«ore  sulid  cake,  and  to 
assist  in  dissnlving  out  from  the  water  the  more  soluble  acids, 
due  correction  being  made  for  the  weight  of  abided  siibsta^nce  : 
this,  however*  obviously  prevents  any  physical  or  other  examina- 
tion of  the  fatty  acids  after  their  being  separateil  from  the  soap. 
If  such  an  examination  is  not  rec^uisite  it  often  saves  time  to 
weigh  up  a  separate  amount  of  avenit;e  soaji  (10  grammes*)  and 
without  drying  or  treating  with  petroleum  spirit  to  dissolve  this 
in  water,  decompose  with  acid,  and  weigh  the  resulting  mixture 
of  fatty  acids,  iinsaponifierl  fjtt,  itc ,  correcting  the  result  by 
means  of  a  separate  determinatiiin  of  the  latter  quantity.  The 
corrected  percentage  of  fatty  acitis  is  calculated  to  fatty  anhy* 
drides  as  alxn  e  described  (p.  493). 

When  nitrlr  at'id  is  used  as  the  standard  acitl,  and  the  alkali 
employed  for  l>ack- titration  t  is  free  from  chloride  and  sulphate, 
the  neuti*alised  fluid  may  be  divided  into  two  halves  for  the 
determination  of  suJphnfe  and  chfurlti*'  respectively ;  or,  if 
requisite,  a  portion  may  be  reaerved  for  glycen*!  determination 
{infm). 

Fnim  the  amount  of  standard  acid  used,  less  that  titrated  in 
the  liquid  aft^r  removal  of  fatty  acids,  the  total  quantity  of 
alkali  present  is  known,  including  that  present  as  soap,  that 
contained  us  hydroxide  or  carbonatCj  and  that  present  as  other 
inorganic  iudts  of  alkaline  reaction — e.r/.,  silicate, 

*  Instead  of  usin^  10  gT&inmeit  of  Boap,  a  smaller  quutitity,  say  2  grfttnmes, 
nwy  be  dti>iK>lved  tn  wutcr,  acidulatcil,  almken  with  ether  Id  a  well  closed 
veaael,  and  the  ethereal  Bolution  aeparated  *iud  evaporated  ;  this  method  m 
preferable  with  B^iaps  njade  from  cukenitit  and  |Mi,Im  kernel  oils  oa  aecouat 
of  the  partial  solubility  of  tUe  fatty  atiids  thence  derived  in  water.  Tu 
order  to  avoid  lofls  ^af  volatile  acida  during  drying,  the  ethereal  Bolution 
may  be  cxactlv  neutralised  with  alcoholic  aolution  of  pure  soda,  evaporated 
to  complete  dryness^  and  weighetL  By  suljtraetiug  the  KajO  contained 
in  the  alcoholic  soda  from  the  weiglit  of  the  pure  soap  (together  with 
unsaponifled  greaae  and  un^sajK^nifiable  mattera)  thus  obtained ,  the  weight 
of  fatty  anhydrides*  +  iiimaponiiied  greiiise  and  iinBuponii liable  matters  ia 
known.  The  soda  thna  neutralised  is  the  *' combined  alkali"  {vide  infra^ 
'*  fatty  acid  titration  tej%t"  for  free  alkali). 

t  Cochineal  is  a  convenient  indicator  for  the  purpoae.  If  any  soluble 
orgfinie  acids  are  present  in  the  watery  fluid,  they  may  be  approximately 
estimated  by  Hist  titratim^  with  niethyl  orange  as  indicator^  the  colour 
change  ocourrioif  when  all  tlie  mineral  acid  present  ia  neutralised  ;  and 
then  g'»iQg  on  witti  addition  of  plicnolphthakin,  which  Is  mit  retldened  till 
the  organic  acids  arc  neutralised.  Ine  adflitiooal  alkali  thita  conaitnied 
may  be  calciiluted  aa  vaUrir  at-itl^  ^J^iHujOj,  in  the  cn»*e  of  Roapa  containing 
whale  oiU  j  or  oa  heptok  acid^  C7Hi40j,  or  octoic  acit/,  CjHjeC^a,  in  the  caae 
of  cokernut  oil  aoaps* 
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Free  Alkali. — The  terra  "free  alkali"  is  generally  understooJ 
m  InchuVmff  tlip  alkalinity  of  all  substances  present  iji  stiap  pjs- 
sesHin^  an  alkaline  reacti*>u — Le.,  the  sum  of  the  alkalinity  due 
to  hyrlroxide  (caustic  ill kuH),  carlxmate,  and  other  salts  nuchas 
silicate ;  8o  that  the  difference  between  the  "  total  alkali ''  and 
the  **free  alkali  "  exactly  represents  the  alkali  combined  with 
fatty  and  resinous  acids  as  actual  soap. 

Excepting  with  freshly  niatle  soap,  especially  when  preserved 
in  large  sized  blocks,  but  little  eakUstic  alkali  is  ever  found  in 
commercial  soap,  because  the  jibsorpiion  of  cari)on  dioxide  from 
the  air  is  tcjlerably  rapid ;  but  the  |:»aj*sage  of  that  gas  into  the 
interior  of  a  large  mass,  and  to  a  lesser  extent  into  the  centre  of 
an  ordituiry  bar,  is  by  no  means  instantaneous,  so  that  the 
interior  portion  of  a  comparatively  freshly  matJe  curd  or  hydrated 
soap  (pp.  401,  470}  Mi'ten  ecm tains  a  notable  amount  of  hydroxide. 
In  onier  to  diHtinguish  thn  free  alkali  present  as  hydn>xide  from 
that  c<»ritained  in  other  forms,  C.  Hope*  dia.Ho]ves  a  known 
weight  of  an  average  sample  in  strofig  alcohol  and  filters;  car- 
bonatCj  silicate,  ilrc,  are  left  on  the  liJier ;  whilst  caustic  alkali 
(whether  potasli  or  soda)  passes  tlirouglu  dissolved  in  the  alcohol 
along  with  the  neutral  soap.  The  operation  may  be  conveniently 
carried  mit  thus,  constituting  the  ** alcohol  test*' for  free  alkali. 
5  grantnies  uf  wndried  average  sample  of  soap  are  dissolved  in 
hot  alcohol  (free  from  all  acidity  or  alkalinity,  and  as  strong  as 
possible)  and  the  solution  filtered  through  a  hot  water  funnel : 
after  completely  washing  out  with  alcohol,  the  undissolved 
residue  is  treated  with  water  and  the  alkalinity  determined. 
As  a  general  rule,  the  alcoholic  filtrate  is  neutral,  but  sometimes 
it  is  faintly  acid  to  phenolphtbalein  ;  apparently  with  a  slightly 
moist  soap  mass,  absorptirin  of  carlionic  acid  from  the  air  tends 
to  develop  a  trace  of  **acid  soap'  (j>p.  23,  486)  with  a  correfipond- 
ing  i|iiantity  <if  alkaline  carbonate;  as  this  latter  is  undissolved 
by  the  alcohol  it  does  not  react  on  the  acid  soap  during  solu- 
tion so  as  to  neutralise  it  again,  t  In  such  a  case  the  acidity 
('*  negative  alkalinity '')  of  the  alcoholic  solutionis  determineo, 
and  the  amount  subtracted  from  the  positive  alkalinity  of  the 
residue.  Thus  5  grammes  of  soap  gave  an  alcoholic  nolutio 
where  the  acidity  represented  0*25  c.c,  of  semi  normal  alkaltj 
whilst  the  residue  neutral  isetl  0*3  c,c,  of  seminorma!  acid  :  bene 
the  *' free  alkali*'  is  reckoned  as  06  -  0"25  =  0-35  c.c.  of  semi 
normal  acitl  correspontling  with  0-0054  gramme  of  soda  (NftjO) 
or  01  OH  per  cent. 

Sometimes,  on  the  other  hand,  the  alcoholic  filtrate  is  more  or 

♦  Ch^miml  AVip*,  xliii.  (1881),  p.  219. 

tWith  »Diiie  kitids  of  stm^^  if  a  Ktrcftni  of  pure  carbon  cliDxide  be  ^ ., 

throij^^h  a  hot  clear  filtert'il  alcohnlic  .*c»lytion  of  the  eoiip,  a  slight  visible 
precipitation  of  ulkdiiiv  carboniU^  results,  together  with  the  formation  of  «a 
*xniivak'iit  amount  of  "  ncid  »ottp;' 
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alkaline  (through  the 


if  hydroxide  in  the  soap); 
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roxicl 
junt  of  filkjili  pr<3seDt  in  tlie  tilt  rate  is 
detemiined  (using  phenoljL»Lthfdein  iis  indicator)  and  ffdfM  tii 
that  found  in  the  re^itlue^  this  method  of  operating  being 
'*Hope*s  test'*  in  its  original  form.  It  has  been  pointed  out  by 
A.  Wilson*  that  when  caustic  alkali  is  present  in  a  soap 
hich  also  contains  un saponified  glycerides,  the  alcoholic  alkaline 
solution  is  apt  to  act  on  these  glycerirles,  dindnishing  tht^  alka- 
linity by  safjonifying  them,  and  so  causing  the  amounl  of  free 
"kali  to  be  understated.  The  author  has  found  thai  this 
urce  *if  error  is  readily  avoided  by  cutting  the  soap  to  be 
•mined  into  very  thin  slices  or  shavings,  and  exposing  these 
ly  piled  togetlier  in  a  small  dish  or  lieaker  to  the  action  of 
carlxm  dioxide,  ct»nveruently  by  placing  the  dish  in  a  wide 
nioulhe<l  lx»ttle  filled  with  the  gas,  hxisely  corking  it,  and  leaving 
the  whole  till  next  day.  By  that  time  all  caustic  alkali  is  car- 
bonated, so  that  the  alcohol  test  can  he  applied  wdthout  any 
r  due  to  sa|M>nitication  of  glycerides,  due  correction  being 
ade,  if  requisitp,  for  the  ''negative  alkalinity''  of  the  alcoholic 
filtrate  caused  by  the  action  of  the  carbon  dioxide  iV*rining  small 
quantities  of  acid  soap  and  alkaline  carbonate.  This  niotle  of 
perating,  however,  obviously  doe^i  not  enable  the  relative  amount 
>f  alkali  to  Ije  distinguished  present  as  hydroxide  and  carbonate, 
a,  respectively* 
In  the  case  of  strongly  alkaline  soaps  where  a  slight 
amount  of  error  in  deteniuning  the  t<jtal  amount  of  free  alkali 
is  not  material,  two  other  tests  are  applicable,  respectively  desig- 
,ted  the  ** fatty  acid  titration  test"  and  the  *'  salting  out  test,"t 
first  of  tbcse  consists  in  determining  the  UtUil  alkali  as 
ive,  separating  the  fatty  aciils  and  titrating  them,  reckoning 
he  difference  «s  free  alkali.  In  practice  the  unavoitlable  experi- 
mental error  of  this  <lif!erentiai  method  is  sometimes  found  to  he 
sufficiently  great  to  render  the  determination  of  minute  tpjantities 
of  free  alkali  decitledly  uncertain,  so  that  for  nearly  neutral  soaps 
the  metlnxl  is  useless.  Moreover^  the  fatty  acids  separated  by 
the  action  of  dilute  aqueous  acid  on  soap  are  sometimes  partly 
soluble  in  water,  so  that  although  the  insoUible  acids  largely 
dissolve  the  soluble  ones  and  bring  them  out  of  solution  in  water 
into  the  supernatjint  layer  of  fusetl  fatty  acids  (as  ether  would 
dissolve  out  similar  matters  from  watery  solution),  still  a  small 
profKirtion  of  the  soluble  acids  are  apt  to  l>e  retained  \iy  the 
water  and  lost,  thus  tending  to  increase  unduly  the  value  of  the 
free  alkali  determination  ;  this  is  especially  noticeable  when 
cokernut  or  palm  kernel  oil  has  l>een  employed  in  making  the 
soap,      Wlien,  however^  the   free  alkali  is  large,  so  that  a  small 

•  Chemifol  News,  lix.  (1880).  p.  280. 

+  Alder  Wright  and  Thompson,  Jaum.  Soc.  Chtm.  Ind.^  1885,  p.  6S5. 
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deq^ree  of  possible  error  in   its  determination  is  not  of  great 
importance,  thi«  method  is  very  convenient. 

The   ''saltintr  out  test"  is  worked   Ijy  tiirtsolvLng  a  weigheci 
ijuaiitity  of  Koap  in  liot  water*  acldin*;  salt  so  as  to  throw  tlxe  curd 
out  of  solution^  rtlteiiT)*^'  of!^  find  titrating  the  alkali  in  the  filtrate. 
This  may  he  coovenientlj  dune  in  twn  fnictions,  one  titrated 
directly  no  as  to  ol>tain  the  totai  alkali  present  (caustic  -»-  car- 
iMinated) ;  the  other  treated  with  barium  chloride  in  excess,  and 
the  raiwfie  alkali  deterniined  present   in   the  filtrate  from  the 
barium  caHionate,  ^c,  thus  precipitat<Nj  (ride  p.  420,  f<iotnot€). 
Apart   from    errtjr    in    defieienev    of    the   caustic    alkali    value 
thus  deduced  due  to  unavoidaVile  absorption  of  carVjon  dioxide 
from  the  air  during  tfjc  operatirms,  a  source  of  error  in  excess  is 
that  hydrolysis  of  tlie  sv>ap  examined  nece.*^sarily  takes  place  t*) 
an  extent  \'aiiable  with  tlie  temperature,  tlie  quantity  of  water 
present   relatively   to   the  soap,   the    nature  of  the    futty  acid^ 
present,   and    the    amount    of  free    alkali.      When,  however,  a 
uniibrm   mode  of  manipulating  is   adhered    to,   the   results  gut 
with  a  given  kind  of  soap  are  comparable  amongst  themselves, 
so  that  the  (igures  obtained  are  often  of  considerable  pnictical 
use,  especially  when  corrected  (by  means  of  carefully  made  tests 
using  die  alcohol  |irocess)  so  as  to  get  an  apjiroximate  valuation 
<^f  the  excess  of  alkali  due  to  the  hydrolytic  action.    For  instance, 
the  following  figures  repreaeut  tlie  difference  in  amount  of  free 
alkali  fount!   with   a  %'ariety  of  soaps  accoi-tiing  as  the   alcob«)l 
test  (A.T,)  or  salting  out  test  (»S.O,T.)  wa«  used:  the  numbers 
are  reckoned  per  100  parts  of  idkali  combined  with  fatty  acids  a^ 
aoap— 1^'.,  if  the  combined  alkali  -  lO'O  and  the  free  alkali  ^ 
0  5:2  per   100  of  soap,  this  would  correspond  with  5*2  fiarts  ot 
free  alkali  per  100  of  comhmcd  alkali  : — 


KAttiro  of  Snap  U«h1. 


*ttre  cokernut  oil  soap,  oot  strongly  | , 

ftik  aline, / 

Another  attm pie  of  ditto,    »         .         , 
A  British  toilet  BOBp,  largely  made  1 

from  cnktrnnt  oil,  .         »         ,         .  / 
A  foreign  toilet  soap,  largely  made  \ 

from  eokerruit  oil  (neutral),    .         .  / 
A  bi|^h'ela«s  American  toitet  soapi     . 
A  toilet  floaj*  largely  made  from  lar<l  1 

(neiitrali, / 

A  aecond  claBs  ditto,  cb  ieOy  made  from  i 

tallow,    .         .         .         .         .         ♦  i 
A  cotton  seed  oil  soap. 
A  tallow  rosin  (primrose),  . 
A  neutral  cantor  oil  sciap,  » 
A  hleaclied  palm  ull  soap,  < 
A  toleniljly  alkaline  curd  soap, . 
Pare  stearic  acid  nocfa  Boap  (neutral). 


A,T. 

ao,T, 

5  0 

9d 

41 

2*8 

QB 

3-0 

1-3 

5-8 

4  5 

0 

3  6 

3%5 

IS 

54 

3G 

0 

3  2 

3-2 

1-0 

i*8 

2-9 

7  a    ' 

9-8 

2i\ 

11 

.io 

IIJ 

0 

17 

17 

5  0      1 

rr4 

1-4 

ls;i     1 

iH:i 

1) 

0 

07      1 
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When  t!ie  watery  srwip  solution  is  tolerably  coneeiitratet!  (ai>out 

part  by  wt^i^^'ht  of  iw^tuai  anliycirous  soap  to  10  of  water )^  and 
i!te  soap  itself  contains  a  good  de^U  of  free  alkali,  the  error  due 
to  hydrolysb  becomes  sinaJl  enough  to  be  quite  negligible  ;  but 
with  a  nearly  neutral  simp  the  hydrolytic  error  becomes  several 
times  as  large  ns  tlie  free  alkali  actuaJly  present. 

Potash  and  Soda,— When  l>oth  alkalies  are  present,  and  it 
18  required  to  determine  their  relative  amount,  several  methods 
of  o]>erating  are  available.  One  of  the  simplest  is  to  decompose 
a  know!i  quautity  of  soap  with  dilute  hydrochloric  aeid,  evaporate 
down  the  watery  lilt  rate,  convert  jiotassiuin  chloride  into  jilatino- 
chloride,  and  weigh  this.  In  the  absence  of  more  than  minute 
ij  wan  titles  of  Hulphate,  silioate,  «kc.,  the  mixed  alkaline  chloride 
solution  may  be  evaj^orated  clown  and  weighed,  the  chlorine 
containetl  determined  ( volumetrieally  or  otherwise),  and  the  ratio 
of  potassium  to  SfKltum  ealculatetl  from  the  indirect  results. 
The  soap  may  also  conveniently  be  charred  and  the  alkalies 
dissi»lveti  out  from  the  ash  for  treatment.  When  much  snlj>hat€ 
is  present  the  alkalies  should  be  weighed  as  sulphates  and  the 
indirect  determHuition  matle  by  determining  the  barium  sulphate 
yielded  by  the  mixture. 

Soain  Acids. — It  is  often  of  considerable  importance  to  deter- 
mine with  st>nie  tlegree  of  approximate  accuracy  the  proixirtion 
between  the  rosin  jwjids  and  the  ordinary  fatty  acids  present  in  a 
given  siimple  of  soap.  Several  older  methtxls  have  been  pro- 
posed, none  of  which  yield  very  accurate  results ;  but  more 
recently  two  processes  have  l>eeji  introduced  of  a  somewhat  more 
satisfactory  nature,  although  still  leaving  a  good  ileal  to  be 
desireth  The  earlier  o(  these  is  that  of  Uladcbng  *  based  upon 
mud  I  the  s.ime  princijde  as  the  ordinary  separation  uf  oleic  and 
stearic  acids,  viz*,  coii  vers  ion  into  met^illic  salts,  one  soluble  in 
ether,  the  other  insoluble.  The  soaf)  to  be  tested  is  freed  from 
unsaponified  fat,  ttc,  by  treatment  with  f>etroleum  spirit;  or  if 
glyeerides  only  are  present  liy  heating  with  strong  alcohol  and  a 
few  drops  of  alcoholic  potasli  in  excess  of  the  neutralising  amount 
to  effect  C4>niplete  sapmifieatitm.  The  alcoholic  soap  solution  is 
then  agitate^!  witli  |M>wderetl  neutral  silver  nitrate  and  ether  in 
a  cli-iscd  vessel  for  some  time  (0*5  grm,  fatty  iiciil^  1  grni.  silver 
nitrate-,  and  100  c.c,  of  ethereal  fluid  alt-ogether^  answer  well)  : 
after  some  minutes  shaking  tiocculent  silver  stearate,  6:^,  sul>- 
sides,  whilst  silver  resinate  remains  dissolved.  A  known  fraction 
of  the  ether  is  sijdioned  off  or  removed  Ijy  a  **  Cbattaway  tulie  ' 
(p.  120)  and  agitated  with  dilute  hydrochloric  acid,  whereliy  the 
ailv^er  is  remove*!  an*l  an  etliereal  solution  of  rosin  acids  protlucefj, 
by  evap!>  rating  which  the  rosin  acids  are  *>btainefJ  in  weigh  able 
form.     Finally,  a  correction  is  nuule  for  the  solubility  of  silver 

*  Cht'mkal  Xewi,  xlv.  (1882),  p.  150. 
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ok*atc%  «Xrc.,  amtniniin^  to  a  subtraction  from  the  weight  of  itjsm" 
acids  tibtained  of  23*5  miiligramraes  per  100  c,c,  of  ether. 

A  notable  source  of  error  in  this  method  lies  in  the  uucertaintr 
uf  this  correction,  inasmuch  as  somewhat  widely  diflei^ent  values 
are  found  with  different  acids — e»^.,* 


F»ttr  lUtten  DiMoJr^  fM  Rlr«r  S»lt)  la 

Nutiiro  of  Patty  lf«it«n  in  Smp 

lOO  -  -   -'  *«— i--"!-  "y't 

c,c.  ui  Au;vuvui:  i^u^^.                               i 
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14-H 
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23-0 
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1 

nearly  eauivl  proportions, 
Stearic  acid  and  ctitton  Beedoil, 

*Jr2iy 
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19  1 

1       in  nearly  etiual  pruportions, 
<Jleic  acid  and  eottoiiaeed  oil, 

... 

... 

23*5 

in  nearly  e<|ual  proportions, 

«>. 

,.. 

24-5 

Htearic  aeid  and  cokcrniit  oil 
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•■• 

... 

23-4 

Ok^io  acid  and  cokemut  oil 

(water    bath),     in     nearly 

ecjual  proportions,     , 

, 

2515 

Acccirding  to  the  nature  of  the  fatty  acids,  the  correction  may 
thus  vary  between  8  and  (y2  milligramraea  in  the  most  extreme 
caMPs,  and  between  11-6  and  53'i'  for  avenige  values,  tltese 
ijuantities  I'epreHenting  on  500  milligrammes  of  fatty  acii 
ruH|>ectively  2*3  anil  10*8  per  cent,;  su  that  whilst  23  5  mil] 
jyfntmines  (  =  4*7  per  cent.)  i>i  not  far  from  a  mean  value,  it  ia  hj 
no  means  er|«ally  applicable  111  all  crises. t 

•  Alder  Wright  and  Thompson,  Proeeedtnfj*  of  the  Chemical  Stfcietff^  188<J» 
p,  175  ;  also  Chrmical  New.i,  vol.  liil.  {ISm),  p.  165. 

t  r^wkowitech  has  Bubaetjuently  ftiund  still  wider  dihor€'na>net«fl  between 
the  corrccttonji  necessary  in  the  case  of  stearic  and  oleic  AduB^r.f^., 


Correc^tSoti  per  IWt  c.c  of  Alroboltc  Eth«ir- 
.      mro  to  urn  4  nnUigraminci. 
5  4lo      5i^ 


Oleic  acid» 
Stearic  acid^ 

{Jovnh  Sae.  Ckrm.  /m/.,  189,1,  p.  5tiH.) 

Hubl  and  Stadler  nuxiify  Gladding*s  process  by  precipitating  the  mhced 
eilvt^r  salts  from  the  largely  diluted  soap  solution  by  means  of  aqaeoiis 
iilvtr  uitrutt;,  ♦Iryiui,  and  dissolving  out  silver  reainato  with  ether  in  a 
Soxhlct  tidn;  (p  23S).  Grittner  and  Szilazi  add  alcoholic  calcium  nitnkte 
solntiuQ  to  the  alcoholic  soap  solutiQii  to  be  tested,  so  as  to  remove  moivt  of 


twitchell'3  method. 
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E.  TwiteheU's  method*  depen els  tm  the  property  of  ordi miry 
ktty  acids  t«>  form  eoiDpoinnI  ethers  when  dLssolved  in  ulcohol 
;ind  treatefl  with  hydroehbric  acid  gfus;  if  the  alcohol  be  absolute 
aiid  the  solution  saturated  with  the  gas,  the  conversion  is  stated 
to  be  complete  with  fatty  acid.s,  \^  hereas  rOv^iii  acids  are  not  acted 
upon  at  all  ;  with  alcohol  of  only  90  per  cent.,  however,  the 
[  iK^on  is  not  crnnplete,  several  per  cent.s.  of  the  fatty  acids 
escaping  conversion.  2  or  3  *^rammes  of  mixed  acids  tare  distjolved 
in  10  volumes  of  absolute  alcohol,  and  dry  hydrochloric  acid 
gas  passed  through  for  45  minutes,  the  vessel  being  cooleil 
by  immersion  in  water  ;  by  and  bye  the  fatty  ethers  separate, 
floating  on  the  surface.  After  standing  half  an  hour  the  mixture 
is  diluted  with  Hv^*  tiroes  its  volume  of  water  and  Imiled  till  clear, 
the  ethers  and  rosin  acids  llimting  on  the  top;  the  whole  is  shaken 
with  about  50  c.c,  of  light  petroleum  spirit;  after  separation,  the 
hydrocarb4>n  solution  is  washed  by  shaking  with  water,  and 
finally  shaken  with  5  c,c.  alcohtd  and  50  ctf  w^ater  containing  0*5 
gramme  of  caustic  potash.  The  alkali  dissolves  out  the  rosin 
acids  from  the  hydrocarlxm,  leaving  the  fatty  ether  still  dissolved 
therein  ;  on  separation  of  the  aqueous  solution  of  resinate,  and 
agitation  with  ether  or  petroleum  spirit  after  acidulation,  the 
rosin  acids  are  obtained  in  solution,  and  may  either  be  weighed 
(after  evaporation  t*>  dryness)  f^r  titrated,  assuming  some  par- 
ticular value   for   their   mean   equivalent.!      If  glycerides   are 

the  steam te,  fialmitnte*  and  oleate  present  by  precipitation  ;  the  filtrate  is 
then  treated  with  .silver  nitrate  and  ether  as  in  Gkddinij's  process. 
According  to  LcwkowitMuh  {lot^.  cit.  mupra)  neither  nnodilication  cives  satis- 
factory results,  the  <|uantity  of  rosin  found  lieini^  generally  %etmi>  that 
actually  present  when  soap  made  from  known  mixtures  of  fatty  nmtters 
and  rosin  nre  evaniiiied  as  teat  sainplea.  On  the  other  hand,  the  figures 
obtained  by  means  of  tiladdin^'s  original  process  are  gei^erally  mvtral  per 
cents,  too  hi'fh^  even  when  the  correction  to  be  used  has  beeo  separately 
determined  for  the  imrtieular  fatty  aciJa,  kc,  used  for  the  test  samples 
employed. 

*  Analyst,  ISfH,  p,  169;  also  Jowrn.  S(yt,  Chtm.  JnduMtry,  1891,  p.  604, 
from  Journ.  Ann/,  and  Applied  Chfrn^t  vol.  v.,  p.  370. 

t  Test  cxperinientij  made  by  E.  Twitche  11  showed  that  when  the  value 
34(]r  found  as  the  inean  crjuivalent  weight  of  a  sample  of  colophony*  wtks 
tjsed  to  calculate  the  result  of  titration  of  the  rosin  acids  isolated  from 
known  mixtures  of  that  colophony  and  ffitty  aeids,  the  titration  vaUies 
aliraya  came  out  higher  than  those  got  by  weighing  ;  thus — 


Volti  metric . 
21-40 

mm 

19*91 


Average  20 "56 


18-9S 


Jencc   apparently  one  or  two   per  cents,   of   eonstituenbi  were  [ 

not  of  aciil  nature,  and,  conaecjueutly,  not  die«olveil  by  the  caualic  pf>ta*h 

and,   therefore^  not  ultimately  wei^heil   ulong  with  the  true  rofiti  aeiils. 

Hich  constituents  would  be  weighed  along  with  the  rosin  acids  isolated 
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present  in  the  fatty  acid  mixture,  this  does  not  in  any  way 
invalidate  the  rosin  determination,  as  the  glycerides  are  not 
dissolved  out  by  the  alkaline  liquor  along  with  the  rasin  acids. 

Silicate  of  Soda* — The  sukstance  left  undissolved  by  alcohol  in 
the  determination  of  free  alkali  by  the  **  alcohol  test'*  (nufrra)^  after 
treatment  of  water  and  filtration^  may  be  titrated  for  alkalinity 
and  then  evaporated  to  dryness  with  a  slight  excess  of  hydro^ 
chioric  acid ;  the  silicon  tiioxide  fiirmed  in  the  event  of  silical 
being  present  in  the  soap,  is  then  left  undissolved  on  treatmenl 
of  the  residue  with  water*  Or  a  known  weight  of  soap  may  h*' 
charrecl,  and  the  ashes  supersat united  with  bydroehluric  acid  nsv' 
thrjroughly  dried^  so  that  silica  iind  carbon  are  left  undissolved 
by  water,  the  latter  being  ultimately  burnt  off. 

Starch,  Chiaa  Clay,  Steatite,  Pigments,  &e.— Substances 
of  this  description  other  th/m  colourbig  juatters  are  not  often 
found  in  soaps*,  but  are  occasionally  added,  especially  to  certain 
varieties  of  fancy  soap — <?.//.,  **  oatmeal  "  soap,  certain  socalled 
*^  milk "  soaps,  and  the  like.  The  residue  from  the  previous 
examination  for  silicate  and  carl>onate,  ikc,  left  iindiss»»lved  by 
water  on  treating  the  mattei's  insoluble  in  alcohol  therewith 
consists  of  these  substances.  I^Itrauiarine,  chrome  green,  ver- 
milion and  similar  pigments  are  sought  after  by  the  appropriate 
tests  suggested  by  the  colour;  starchy  aiatters  by  means  of 
iodine;  minenU  constituents  generally  by  incinei-ation;  and  so  otu 
The  presence  of  such  substances  as  oatmeal,  farina,  ttc,  sometimes 
renders  it  necessary  to  mtxlify  slightly  the  method  for  deter-^ 
mining  fatty  acids  above  descriljed^  where  the  cake  of  fatty  aci<" 
obtained  is  weighed,  as  it  may  conttiin  some  of  these  nmttcifll 
meclianically  interiiiixe*l ;  to  separate  them  the  cake  is  dissolve 
in  ether,  lienzene,  JL'c,,  ami  filtereil  ;  the  residue  is  well  washed 
ami  I  be  iiltrate  e\aporated  to  dryness. 

Glycerol  and  Sugar. — When  glycerol  is  contained  (as  in 
the  cciJie  of  soft  soaps,  cold  process  soaps,  hydrated  soaps,  »tc.)  it 
may  be  determined,  with  a  fair  degree  of  accuracy,  in  a  %^riety 

Ly  tiladdings  process,  Levi  kowitsch  finda  {Joiin*.  Soc,  Vhcm.  ImL.  JStl3, 
p.  r>05}  that  the  mean  crjuivalent'of  different  ftaiii^iles  of  comoiercinl  ra»iii 
varies  within  somewhat  wide  limits  ;  thu&,  with  t;ix  iiuitJi>lc8  of  America — 
Tosiu  values  were  fouiitl  varying  hetween  1^40 '8  and  364,  with  an  aver&gc  i 
'148 '3.  Hence,  the  perccctago  of  msin  fountl  by  titration  can  only  br 
regarded  oa  a  aomewbat  rough  apprt>ximation,  Un  the  other  handf 
Twitchell's  process,  upplied  to  pure  stearic  acitl  and  other  fatty  acids  i 
niixture.H  free  from  rosin ^  iudicated  from  TOT  to  3  07  pep  cent,  of  tb« 
Rnbataaee,  the  products  obtained  beinu  weighed;  wlicnce  it  would  seem  the 
the  quantity  uf  rosin  apptirently  found  m  at  given  sample  of  *ojipby  TwitchcllH 

f)ro<508e  wouhl  be  too  bigh^  and  that  a  correction  should  be  mude  to  aHow] 
or  this  Kourcc  uf  error  (jTobabiy  incomplete  conversion  of  fatty  acidi 
into  cniiipHjund  etherSj  f>r  subsecpient  deeonipoKitiun  of  compound  cth«r9|y 
In  practice*  however,  the  {juantity  of  rosin  actually  found  is  genendl] 
Boniewhnt  helow  that  known  to  be  present  when  tc«t  sampler  of  knowl 
compoBitioQ  are  cjcamined* 
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of  ways  in  the  absence  of  sugar ;  but.  in  presence  of  sugar  its 
accurate  determination  ih  not  easy.  If  sugar  he  not  present,  one 
of  the  simplest  nietiiods  of  pnxjedure  is  to  clpc(*njpose  tlie  soap 
with  a  slight  excess  of  fut/phnric  acid,  and  after  st^parat  ing  the 
fatty  acids  to  render  neiitial  or  slightly  alkaline  witii  sodiuui 
carlxinate,  evajjorate  to  dryness,  and  dissolve  out  the  glycerol 
from  the  stidiimi  sulpliate,  itc,  by  absolute  alctdjol :  the  residue 
left  on  evaporating  off  the  alcohol  may  be  weighed,  and  any 
inorganic  matters  present  determined  l*y  incineration  and  sub* 
tracted.  The  crude  glycerol  may,  preferal)ly,  be  jiurified  as 
described  on  p.  523;  or  it  may  be  converted  into  acetin  by 
acetic  anhydride  <  pp.  186,  516);  or  if  suHiciently  free  from  other 
organic  substances  it  may  he  determined  by  the  dichromate 
process  (p.  522),  or  oxidised  to  oxalate  (p.  519).  A  little  gly- 
cerol is  v**latilised  during  the  latter  part  of  the  evaporation  ; 
hence  when  ritlier  nf  these  two  lattrr  methmls  is  cmjdoyed, 
inste'ad  of  e^'ajmrating  the  aqueous  solution  to  complete  dryness, 
it  may  preferably  be  only  partially  i:on  cent  rated,  winter's  metliod 
consists  in  treating  with  copper  sulphate  and  caustic  sod«i,  the 
copper  kept  in  soiutirm  being  deterrainefl  eolorimetrically  or  by 
j»otassium  cyanide  (p.  523),  parallel  observations  being  matle 
with  liijuids  treated  in  just  the  same  way  after  addition  of  known 
ejiiantities  of  glycerol  solution  from  a  Vjurette,  so  as  to  alTord  the 
me^ns  of  calculating  tlie  glycerol  present  from  the  amount  of 
copper  kept  in  solution.  In  general  the  glycerol  may  he  thus 
estimated  conveniently  in  the  watery  fluid  left  after  deternnning 
total  alkali  and  fatty  acids  (anpfn).  When  sugar  is  present  this 
is  inverted  by  heathig  with  dilute  hydrochloric  or  sulphuric 
acid  ;  the  li([uid  is  then  reuilereil  alkaline  and  copper  sulpbato 
atideti  in  excess,  and  the  sugnr  rl educed  from  the  amount  r>f  pre- 
cipitated cuprous  uxide  ;  the  alkaline  liquid  containing  gly€eix>l 
and  the  j>roductH  of  the  oxidation  tjf  the  sugar  may  Ije  tested  for 
glycerol  liy  detenu ining  the  amount  of  dissoh  eil  eo]>jK'r  as  before, 
i-heeking  the  results  by  means  of  similar  tests  with  liijuids  con- 
taining known  *juan titles  of  sugar  +  glycerol ;  the  results, 
however,  are  apt  to  Ije  only  approximate  even  w  ith  the  greatest 
care.  Instea<l  of  deterndning  sugar  In'  tlie  copper  reduction  pro- 
cess the  p«ilariscope  may  be  employed.  Knowing  tlie  amount  of 
sugar  present  and  the  speeitic  gravity,  the  proportion  of  glycerol 
present  may  be  approximately  calculated  in  the  case  of  a  liquid 
containing  no  other  substances  in  solution. 

Volatile  Substances  other  than  Water. — Sometimes  a 
transparent  soap  contains  alcohol,  the  proportion  of  which  is 
desired  to  be  known;  other  volatile  constituents  are  sometimes 
present  in  other  kintls  of  soap — e.ff.^  carbohc  acid,  thymol, 
camphor,  tte*  In  such  cases  special  methods  must  usually  be 
resorted  to  ti>  det^^rmine  the  volatile  substance,  depenilent  on  its 
nature.    Alcuhol^  if  in  quantities  above  inconsiderable  traces,  may 
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be  determined  by  dissolving  in  water  a  sufficient  quantity  of 
soap^  adding  salt,  filtering  otY  say  one  half  of  the  total  Huid,  and 
distilling  nntil  about  half  has  passed  over;  tliis  distillate  is  simi- 
larly redistilled,  and  ultimately  the  quantity  of  alcohol  inferred 
either  fnun  the  .specific  gravity  of  the  final  distillate,  or  by 
oxidising  with  chromic  acid,  ifcc.  The  following  nietbcKl  of 
determining  phe^tioloids  is  recommended  by  A.  H,  Allen  * : — 
5  grammes  of  soap  are  dissol  ved  in  hot  water,  20  to  30  c.c^  of  a 
10  per  cent,  sulutioti  of  caustic  soda  guided,  and  die  whole  cooled 
and  agitated' with  ether  to  dissolve  hydrociirbons.  The  alkaline 
Utpior  is  sepanited  and  t recited  with  excess  of  strong  brine; 
fatty  acid  smips  are  precipitated,  but  sodium  phenolate  and 
creaylate,  d'c,  remain  in  solution  ;  the  liquid  is  fdtered  and 
the  precipitate  washed  with  brine,  and  the  filtrate  and  washings 
diluted  to  a  litre.  100  c.c,  of  the  solution  (representing  0'5 
grauime  of  soap)  ai*e  acitlulated  with  sulphuric  acid,  and  the 
solution  (cle^ir  if  fatty  atids  have  been  thoroughly  removed) 
titrated  with  bromine  water  standardised  by  means  of  carljolic 
acid  (or  cresylie,  kc.)^  operating  in  the  same  way;  when  enough 
bromine  has  lieen  added  U>  cause  all  the  phenoloids  to  become 
converted  into  tribromo  derivatives,  the  yellow  tint  due  to  excess 
of  l>romine  becomes  visible.  By  treating  the  other  1*00  cc,  of 
solution  with  8ulpliuric  .-icid  and  excess  of  liromine,  and  agitating 
with  successive  small  quantities  of  carbon  disulphide,  the  tri- 
bromo  derivatives  may  l3e  dissolved  out  and  examined  after 
evaporation  of  the  solvent  Pure  phenol  (crystallised  *' carbolic 
acifl  )  gives  nearly  colourless  long  needles  of  tribromophenol, 
whereas  cresylie  iicids  give  dee{j  yellow,  orange,  or  red  difficultly 
crystal  Usable  or  non-crystalline  products  ;  so  that  the  character  of 
the  phenoloids  present  may  be  ascertained,  as  well  as  the  amounL 

The  following  general  scheme  represents  a  selection  from  the 
above  ]>rocesses  ap[)Iicable  in  most  cases  : — 

Dry  10  grammes  of  amrage  sample,  finally  at  120",  and  reckaa 
the  lobs  of  weight  as  water. 

Exhaust  the  residue  with  light  petroleum  spirit,  and  examine 
the  extract  for  ujisitponijicd  git/cerideit^  hijdrfKarhonif^  gpermaeeii, 
iva:i'y  cJiolfsferoly  kc. 

Treat  the  exhausted  residue  with  water  mid  excess  of  standiini 
(nitric)  acid  ;  separate  and  weigh  the  fatty  acids,  and  subject 
them  to  snch  further  examination  as  may  be  required,  more 
especially  as  reganls  the  presence  of  rottin  acids.  Back-titrate 
the  aqueous  liquor  so  us  to  determine  the  total  aikttii,  using 
alkaline  si^lution  fiee  from  sulphate  and  chloride.  Determine 
SHlphate  and  chloridn  m  the  neutralised  liquid ;  also  glifcerQl  and 
migar  if  present  ;  and  potaMiuiu  if  required. 

Treat  5  gramuies  of  average  sample  with  hot  strong  alcohol,  and 
titrate  acidity  or  alkalinity  of  filtered  solution  :  dissolve  the 
•  Commercial  Onjanic  wlria/yM>,  2iid  edition,  vol  ii,,  p.  S5i»» 
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;ndis8oWed  paH  in  water  and  titrate  for  carbonated  alkali,  ^fec, 
SO  as  ultimately  to  doduce  tliB  free  alkalL  Examine  the  siil>- 
Stanees  not  dissolved  by  ak-ohol  fur  silica^  ^^^Ih  ^tarch^  pigments^ 
,d  similar  substances.*  If  unsaponitied  glycerides  and  caustic 
alkali  be  simultaneously  present,  the  latter  should  be  carbonated 
before  dissolving  the  soap  in  alcoliol,  otherwise  a  deficiency  in 
the  total  *•  free  alkali  "  will  result  {supra ^  p.  409). 

An  objectiun  to  this  mode  of  operation  is  that  if  any  caustic 
alkali  be  contained  in  tlie  soap,  it  becomes  more  or  less  carbonated 
during  tlie  drying,  so  that  an  incorrect  valuation  of  caustic  alkali 
results.     When  ranch  caustic  alkali  is  present,  it  may  be  deter- 

■  mined  l>y  tlie  saltijig  out  test  (itupra),  adthng  barium  chloride 
Ui  convert  alkaline  «irboiiate  into  chluridcj  and  fiUering  before 
titrating  (comi>are  p.  500), 

Instead  of  decompoain*^  the  soap  dissolved  with  alcohol  with 
excess  of  standard  acid,  and  back-titrating  after  separation  of 
fatty  acids,  the  alcoholic  solution  may  be  rendered  neutral  to 
phenolpbthalein,  and  then  diretitly  titi*ated  with  a  standaml 
mineral    acid    solution,   using  methyl    orange   as   an   indicator, 

•  organic  fatty  acids  having  no  reaction  on  this  substance:  per- 
fectly sharp  results  are  thus  obtainable  (Allen). 

Cailletet's  method  of  Analysis. t — For  determinations  where 

•  Epeed  is  indispensable  but  minute  accuracy  unnecessary,  a  con- 
venient process  has  been  proposed  by  Oailletet  for  tlje  determin* 
ation  of  fatty  acids  and  alkali.  A  tube  holding  50  c.c.  and 
divided  into  100  parts  is  pro  vided^  into  which  are  introduced  10  c.c. 
of  diluted  sulphuric  acid  of  known  strength  (about  four  times 
normal),  20  c.c.  of  oil  of  turpentine,  and  10  grammes  of  tlie  soap 
in  shavings.  The  tube  is  closed  witb  a  stopper  or  cork  and  well 
sliaken  up  ;  when  all  tlie  soap  is  decomposed  it  is  allowed  to 
stand,  and  the  volume  of  the  turpentine  solution  of  fatty  acids 
read  off.  Subtracting  the  20  c.c.  of  turpentine  used,  the  differ- 
ence gives  the  volume  of  the  fatty  acids  :  thus,  if  the  turpentine 
solution  occupied  50  divisions  —  25  cc,  the  fatty  acids  wouhl 
represent  25  —  20  =  5  c.c.  per  10  grammes  of  soap.  Assuming 
the  specific  gravity  of  the  fiitty  acids  to  be  n,  their  weight  would 
be  5  X  ?i  grammes  =  50  x  n  per  cent,  hy  weight.  The  alkali 
ig  obtainable  by  back- titrating  the  excess  of  acid. 

Cailletet  gives  the  following  values  for  n  in  the  case  of  soaps 
of  different  kinds,   experimentally   determined    by  noting   the 

*  Inat^ad  of  weiffhiag  up  two  portions  of  soap^  one  portion  {preferably  of 
^  10  grammea)  may  be  cmpUtyed  for  all  the  determinations,  being  first  dried, 
thea  exhausted  ^ith  petroleum  ether  to  extract  fat,  and  then  treateil 
(Btill  ill  the  Soxhlet  tii}>e)  with  alcohol  to  diasolve  out  soap^  glycerol,  itc. 
The  alcoholic  cxtrorct  thus  obtained  is  titrated!  for  acidity  or  alkalinity ^ 
then  largely  diluted  with  hot  water  and  decomposed  witli  fttamlard  acid  so 
aa  to  obtain  fatty  acitls  and  totril  alkali ;  ta  hilst  the  residue  umlissolvcd  by 
alcobol  is  tested  for  alkah^  tiilicatc,  sulphate,  cliloride,  stareh,  pigrnenU^  &c. 

t  Btdittin  *Soc,  Ind.j  MulhouBe»  xxix.,  p.  8. 
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incretnent  in  volume  of  tvirpentine  oil  as  above  indicat^^d,  sniA 
directly  determining  tlie  percentage  ^y  weight  of  fatty  acids  in 
another  portion  of  the  same  soap  ; — 

specific  Urttitf  of  Fatty  Acida. 
Olive  oil  (Mni^eilkA)  soap,        .         .         .         .         .         0*9188 

Cokerniit  oil  nohj* 0*9100 

Palm  oil  liiiftp 0*9220 

Tallow  soufi,     ........         0*9714 

Oleic  atitl  soap, 0-9003 

In  the  ciine  of  rosin  Bt^aps,  the  rosiu  ucida  do  not  rt^adily  dis 
solve  in  the  turpentine,  20  c.c.  only  in  creasing  0*15  c,c.  in  voluuio 
by  virtue  of  the  rosin  acids  dissolved,  \^'hilst  a  bulky  layer  of 
iindissi»lved  rosin  collects  below  the  turpentine. 

Calcium  Salt  Test.^ — A  rough  method  of  arrivin;;  at  the  value 
of  a  given  soap  is  to  dissolve  in  dilute  alcohol  and  determine  the 
quantity  of  the  solution  recjiu-site  to  be  added  to  a  known  volume 
pf  a  solution  of  calcium  chloride,  sulphate,  tl'c.,  so  as  to  produce 
a  permanent  lather,  as  in  Clark's  test  for  the  hardness  of  water; 
a  pirallel  determination  bein«r  ntade  with  a  standard  sample  of 
similar  soap  of  known  composition,  the  ratio  betvveen  the  volumes 
of  the  two  soap  solutiims  used  gives  approximately  their  relative 
detergent  value.  Tlie  soap  solutions  may  be  conveniently  made 
of  the  strenglli  of  10  grammes  per  litre  ;  the  linie  salt  solution 
may  he  made  by  dissolving  Q'2  gramme  of  pure  calcium  carbonate 
in  dilute  hydrochloric  acid,  evaporating  to  dryness  on  the  wat^r 
bath  to  expel  excess  of  acid,  dissolving  the  residue  in  distilled 
water  antl  diluting  to  a  litre  ;  the  solution  consequently  repre- 
sents :-0  milligrammes  of  CViCtX  per  100  c.c.  or  l4  grains  per 
gallon  (14'  of  hardness  on  Clark  s  senile). 

The  foiiuning  analyses  represent  the  compositioa  of  a  consider- 


* 


Uw  Curd. 
itiAkc. 

Miirtiitf 
Simn. 

itllCALOiL 

IinilAtlftt 
Qiailto 

Combined  alkali  (Na|0)l 

Free  alkali  (iuchuUiig  that  \ 
present  as  ailicattji      .  } 

Silica  (SiO,),  . 

Sod  i lira  chloride,    . 

Sodium  sulphnte,   . 

Water,  carbonic  actd.and  i 
ina(^llli^k'  nirtlttfs,  pig-  [ 
11  le Ills,  $ic  , .         .         .  ) 

rerceiitage  of  true  soan, 
Mean   molcculttf   weignt ' 
of  ffttty  ttddn, 

66 -OO 
7*51 

50 

i"35 
■30 

23*84 

66^ 
7*83 

40 

dm 

truces 
23-52 

32*00 
5*20 

2-23 

766 
1*45 

51*45 

13*50 
2-27 

8*36 

I0-i>0 

5-05 

-35 

50-97 

et-45 
$'4e 

110 
117 

1^ 

26'53* 

100 -oo 

10000  ^  lOO'OO 

100-00 

100  «) 

7411 
2S4 

7403 

271 

37*20 

200 

15*77 

197 

€0-91 
234 

*  Including  *74  per  cent  of  insoluble  pigracnt«. 
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able  variety  of  British  and  colonial  manufacturers'  and  other 
scouring  and  laundry  soaps.  Where  no  analyst's  name  is  men- 
tioned, the  analyses  were  made  by  the  author. 


i    ••Prim- 
rose," 
1    London 
1     niAke. 

••Ivory," 
Canadian.* 

"Cold 
Water," 
EufflisL. 

"Cold 

Water," 

Canadian." 

Oleic  Acid 

8o«i., 

London 

inalce. 

Fatty  anhydrides,  . 

46-88 

4.3-33 

43  70 

45-85 

62-71 

Recinoufi  anhydrides. 

15-40 

25  00 

2200 

24-00 

Combine<l  alkali  (Na,0), 

7-12 

7-72 

y-28 

8-00 

7-36 

Sodium  carbonate, . 

1         -14 

2-64 

•58 

2  22 

•68 

„       chloride,     . 

i         '^^ 

\ 

„       sulphate,    . 

'         -07 

(21-31 

24-44 

19  93 

29-25 

Water  with  minute  quan 

•  \ 

tities  of  insoluble  mat 

-y    30  25 

J 

tare,  lime,  ferric  oxide 
&c..      .        .        . 

Free  alkali  (N'a,0), 

100  00 

100  00 

100  00 

100-00 

100  00 

'    69-40 

7605 

74  98 

7207 

70-07 

•08 

1-54 

•;i4 

1.30 

-40 

Mean  molecular  weight 
of  fatty  acids,  kc. , 

1       280 

283 

230 

280 

273 

Manufaciurebs'  Soaps  (C7.  Hope). 


Fatty  ftiiliyilriiieii  ami  rofiiii, 
Si*da  (N14OJ,  comHitietl  a»  aoaj>. 
Free  alktdt  (N%(*)*  iticUiding 

enrlHiimtc  and  silicate, 
8odiuni  ehlaride,  . 
8odium  sulphate, 
Hiliua^  .         '        >         .         ^ 
Lime,  oxide  of  irpJi^  &u.  ^ 
^Vflte^,  .         .         ,         . 


71  SO 
7 -US 

1  23 

■3il 
1-07 

■la 

17  44 


lotal, 


02-6*1  ns>'2s  m-m  '  19-42  '  mm 

7 "27      6-tiJ     570  I    341  I    7"22 


-80        '40     2  m  '    60S 
•76        '47      l'7H      5U 

■30      -13      '72      -ar* 

•m       '42     i\m     90f> 

■10,     -10      m '    i« 

28-20' 32  35  I  38-70    53  32 


4Q 
■46 

-12 

■02 
:tl  22 


I  Actual  soap  present, 


0384  |l  00-21    D9"8G    0.jiat  il747f,IO0  0a 
69-93    65-93    44  65    -22  53  I  6812 


79-28 


*  Exhibited  in  the  ''Colonial  and  Indian  Exhibition,"  London,  1886. 
For  analyses  of  various  of  the  Colonial  soaps,  ma«le  by  the  author.  vitU 
**  Colonial  and  Indian  Exhibition  Reports — Oils  and  Fats"  (Leopold  Field). 

t  Glycerol  present,  bat  not  determined. 
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Mancfactc7RE«s*  Soaps  {LaTtt  Carpenter). 


••Prtoifow  '  S**|>. 

"Cold 

''Oil- 

l?iMUtli  of 
EttiflnuU), 

4  8tltr«t*d 
1  North  r*r 
lSiifk«.ud). 

Fttty  acids/. 
CombiDcd  ?oda  (NanO), 
"  Frt'e  alkali  *'  (Naa'O), 
SiUea,     .         .        .         . 
Keutnkl  salts, 
Water,   .... 

02-3 

6-7 
... 

32-8 

42-66 

5-41 

1-21 

•94 

■55 

50-40 

70*2 
7-3 

1-8 

1-6 

4 

22*0 

67-9 
7D 

niL 
■«• 
-2 

28D 

esD 

7« 
ID 

ID 
21 D 

Total.     . 

lOSO 

101  17 

103-3 

103*1 

oa-4S 

Pharmaceutical  Soaps  (J^  Dtchan). 

a^pB 

scvdit. 

H.  Anh 

dum»^ 

tt^W. 

MottJwl 

muUiA, 

S.Moltu^ 

UW 

Wlilt«     ' 

OmStUe, 

T»llow 

skifiantip. 

tfiwp. 

GMa>«. 

&OM^ 

Fatty  acids/, 
Coiiibiiietl  alkali,    . 

81-50 

70-70 

68-10 

78-30 

48-30 

9-02 

9  14 

8^ 

!)*57 

12D0 

Freeulkati,     . 

*t>8 

•09 

•19 

•28 

•30 

Silica,     .... 

*■» 

•15 

«•. 

-17 

SulpliatcM  and  eblorides, 

•28 

•3ft 

-tJ3 

'47 

•1>3 

Matter!  inHolublc  in  alcohol. 

■50 

-GO 

1-30 

1  10 

it;o 

Other  insoluble  tuattcr,  . 

•20 

•90 

'80 

•40 

1-00 

Water,  ,        .        .        . 

10-65 

13-25 

21-70 

1250 

39-90 

103*13 

10104 

101-77 

102 1S2 

104-681 

Soft  Soaps  {Ut-f). 


H 

Often 

tkm.p. 

Si»t«lt. 

9o^ 

Fatty  acids,   , 
Dry  potash  (K,0>, 
Water,  salta,  glycerol,  &c., 

45D 

8-5 

46-5 

36  0 

7^0 
57  0 

47  D 

8D 

45  0 

61-7 
lOD 
383 

48  0 
lOD 
420 

lOOD     1    lOOD 

lOOD        lOOD 

lOOD 

In  general,  similar  partinl  iinnlyses  of  soft  soaps  meet  the 
objects  in  vie\\%  innsmuch  aa  such  soaps  are  generally  purchased 
in  quantity  under  contract  either  to  contain  a  given  percentage 
(40,  50,  <kc.)  of  fatty  acids  producible  on  decomposition  by  a 
mineral  acid,  or  to  lose  not  more  than  a  given  percentage  in 
weight  (water)  on  drying  completely  ;  the  degree  of  alkalinity  is 
usually  judged  liy  the  '*  touch  "  or  taste  of  the  sample,  the  tongue 
being  regarded  as  a  sufficiently  delicate  indicator  for  such  pur- 
poses. When  more  definite  information  is  required  the  methods 
•  Xot  calculate  to  fatty  nnhydridea. 
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fcbove  de9cTil>ed  are  api*licaNii ;  thus  thfi  water  is  directly  deter- 

attied  by  drying  in  a  sand   bath  (p.  494);  the  total  fatty  acids, 

ee  alkali,  combined  alkali,  unsapoBitiod  oilj  and  matters  insol- 

^blp  in  water  {such  as  starch  added  to  simulate  **  tigging/*  tfec.) 

by  the  respective  processes  above  detailed  ;  tlie  rosin  acids  by 

iGladding^s  process  (p.  501)  or  Twitcheirs  method  (p.  503) ;  silicjite 
by  incineration  and  analysis  of  the  mineral  constituents  of  the 
Bsh  ;  and  so  on. 
In  the  case  of  household  and  laundry  soaps  it  is  to  be  noticed 
Ihat  the  physical  consistence  of  the  substance  is  in  many  cases 
of  as  much  importance  as  its  chemical  con&tittition.     From  the 
consumer's  point  of  view  what  is  required  in  the  case  of  a  hard 
soda  soap  is  an  article  from  which,  durino;  use,  no  more  is  dis- 
^^^Ived  or  ahraded  than  is  juat  requisite  for  the  object  in  view. 
^plf  the  soap   be  of  too   soft  a  consistency  (either  throtigh  over 
watering,  or  bad  selection  of  materials),  a  iiHich  larger  amount 
is  rubbed  on  the  clothes^  Jbc,  to  be  washed  or  scoured  than  is 
H  absolutely   necessary,  leading  to   much   waste.       On    the  other 
"liand,  pure  tallow  curd  soaps  largely  boiled  down  are  so  hard  as 
only  to  rub  off  and  lather  with  difficulty.     With  manufacturers' 
soaps  intended  to  he  dissolved  in  water  hefore  use  (^j/.,  soft  soap 
for  wool  scouring,  kc\  tlie  rate  of  solution  must  be  sufficient 
for   the    purpoi^e ;    whilst    hydrocarbons    and     other    insoluble 
impurities  which  might  spot    and  stain  goods   must  be  absent 
from  soaps  intended  for  treatment  during  dyeing  and  subsequent 
operations. 

Toilet  Soaps. 


Tr»,iivptLr(*nt  Soa[M. 

MllkMl 

[ri9h-<!tiiM 

Inferior 

Mjideb>^  Spirit 

Huap  or 

Opaque 

OMaquo 

Proces*. 

CotiU^ 

a^Aii, 

Mndebj 

niAku. 

ENEUab. 

C«td 
Prticeu. 

Genuine, 

1 

Siw»red. 

Fatty  unhydridee.  , 

83^60 

60-20 

05  00 

38-90 

65-60      68-10 

Uncomh  ined  roain  imd 

unhapomtied  fats. 

100 

,*. 

-40  ' 

3-0f>|      3-20 

Combiued  alkali,    . 

9*80 

GlIS 

sbi 

5  "57 

7  73;      im 

Sodium  carbonate, 

-24 

•17 

1-73 

3-80 

nil.     1        '20 

Sugar,    . 

... 

2«*00 

14-00      nil 

Glycerol, 

... 

3^0 

0-00 

3  00 

700 

Water  and  minutu 

quantltieB  of  salts, 
Percentage  of  true 

5-36 

29-65 

18-3fi 

20  33 

100-00 

9-67  1    13^8S 
lOOW    lOO'OO 

100 110 

10000 

100  <I0 

soap,    . 

93-40 

67-18 

73-91 

iii7 

73  33 

75-72 

Free  idkali  (Xtt.O)» 

•H 

•10 

I -01 

2-22 

nil 

ail. 

Mejto   niolecuUr 

weight  of  fatty  acida, 

274 

276 

225 

225 

272 

286 
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Ill  the  case  of  '*  tnilet  "  soaps,  the  most  important  quiti hy  15 
that  of  fnrnishing  a  sufficient  lather  without  at  the  same  time 
causing  tho  application  of  too  alkaline  a  substance  to  the  skiii; 
the  sihiill  ariTOUiit  of  fret*  alkali  developed  hy  hydrolysis  when  u 
tablet  of  soap  is  rubbed  on  tire  skin  or  between  the  hands  is 
practically  insetiJ^ible^  excepting  to  extremely  sensitively  skinned 
jiersons  who,  in  coiisecpience,  are  rarely  able  to  use  soap  in  any 
fornj  without  siitVering  more  or  leas  irritating  eHTects,  Such 
indiviciuiils  are  ctunparatively  rare;  hut  a  much  htrger  portion 
of  the  |iojmlation,  es(»ecially  ladies  and  young  children,  are  prone 
to  suffer  inconvenience  (particularly  in  windy  and  wintry  weather) 
through  the  use  of  soap  containing  more  thwn  traces  of  free 
alkali  ;  to  some  extent  this  inconvenience  may  lie  mitigated  by 
iutrodueiiig  into  the  soap  such  substances  as  vaseline,  spermaceti, 
or  even  puritied  lard,  J;c.,  whereby  a  tilui  of  greasy  or  un;fuent* 
like  substance  is  left  adherent  to  the  skin»  or  at  legist  pressed 
into  its  pores  (tnde  p.  478)  ;  but  a  far  sjifer  [>lan  is  so  to  prepare 
or  reline  the  soap  as  to  ensure  that  it  shall  mit  contain  any 
material  ajiiounfc  of  free  alkali-  The  author  has  proposed*  to 
classily  toilet  soaps  into  three  grades  Irom  this  point  of  view, 
viz.  : — 

First  tjrade. — Soaps  contitining  a  total  u mount  of  *'  free  alkali'* 
not  cxc«t»dinjj  ^\  ('I'D  per  10>1)  of  the  alkiiU  present  combined  with 
fatty  auhytlricles  as  soap  ;  so  that  if  the  soap  contained  8*0  per 
cent>  of  coMibiiied  alkali,  the  free  alkali  would  not  exceed  0*2  per 
cent. 

8ficond  fffwh. — Soaps  where  the  *^ free  alkali^'  ranges  between 
Jjy  and  ^"*^  (2 "5  to  7*5  per  1<I0)  of  that  prej>ent  as  actual  stiap — 
*,*»,  for  a  soap  containing  8-CJ  per  cent,  of  combined  alkali  the 
free  alkali  would  be  between  0*:i  and  Ulj  per  cent. 

Thirtl  grade. — ^Soaps  where  the  *' free  alkali  *'  exceeds  ^^  (7*5 
per  100)  of  that  ]U"eHent  as  actual  soap. 

It  is  to  ln^  iKjrne  in  mind,  however,  that  other  possible  ingre- 
dients besides  alkali  are  apt  to  be  detrimentai  to  sensitive  skins; 
of  these  sH'far  (altnost  invariably  present  in  transparent  soaps)  is 
the  one  most  certainly  known  to  be  noxious  (pp.  478,  480,  482); 
but  there  is  also  reason  for  supposing  that  some  extremely 
highly  fM-rfumed  soaps  may  exert  a  more  or  less  marked  irri- 
taiii]g  aL'tion  of  the  same  kind  in  virtue  of  the  conijmratively  high 
proporticui  of  essential  oik,  A*e.,  present  (p.  48U),  even  though 
entirely  destitute  of  free  alkali^  an<l  conlaiuing  no  sugtir. 

When  a  soap  (tdilet,  houseliold,  or  manulacturer'a)  contains 
an  amount  of  glycerol  aj^proximately  c*>rresponding  with  that 
ecjuivalent  to  tJie  fatty  acids  found  (1^2  jiarts  glycerol  for  3  •:  » 
parts  of  fatty  acids  of  mean  molecular  weight  nj,  the  probttlwlity 


•*' Cantor    Jvccturcs/*  Smiiety  of  Arts,  Jottrn.  Sor.  Arln^  vol.  xxxiii<» 
p.  1 11! t  tlSS5),  where  itlao  various  other  analyses  of  toilet  so^jks  are  given* 
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lis  tbat  tbe  soap  has  been  prepared  by  a  cold  process  :  such  a  soap, 

[for  instance,  miglit  yield  fatty  acids  ot'  mean  molecular  weight 

270,  in  which  case  100  parts  of  fatty  acids  would  correspond  with 

-^~^fYi\-^  1^*^  parts  of  glycerol,  if  triglycerides  were  employed. 

■ger  proportions  of  glycerol  can  only  be  contained  in  ca.ses 
here  extra  glycerol  has  been  added.  On  the  other  hand,  aa 
soaps  prepared  by  boiling  and  salting  out  contain  no  glycerol  at 
&U,  the  presence  of  smaller  proportions  of  glycerol  suggests 
either  that  the  soap  mass  is  a  ndxture  of  hydratud  soaps  or  cold 
process  soaps  (Chap»  xx,)  and  boiled  soaps,  or  that  free  oleic  acid, 
'  c,  has  been  employed  along  with  glyce rides  in  its  manufacture. 


Birhe 


CHAPTER    XXII, 

GLYCEROL  EXTRACTION— MANUFACTURE  OF 
GLYCERINE. 

In  the  manufacture  of  soaps  and  "stearine''  for  candlemaking, 
large  quantities  of  glycerol  *  are  produced  as  product  comple- 
mentary to  the  fatty  acids  fornied  by  sajjonitication  of  the  oils 
and  fats  employed.  Until  compiiratively  recently,  much  of  the 
glycerol  thus  formed  wris  wa&ted^  being  run  away  along  with 
other  watery  fluids  into  the  tlrains,  itc. ;  but  since  the  introduc- 
tion of  various  applications  for  which  glycerol  is  suited,  more 
especially  the  manufacture  of  dynamite  and  other  explosives, 
much  of  the  substance  formerly  thrown  away  as  worthless,  m 
now  extracted  and  utilised  by  processes  which  substantially 
consist  of  evaporation  so  as  to  remove  saline  matters  by 
crystallisation,  and  distillation  with  superheated  st^am  of  the 
final  mother  liquors. 

The  "sweet  water  "  obtained  in  the  saponiti  cation  of  glycerides 
by  lime  in  the  autoclave  or  open  pan  j^rocesses  (pp.  SG5,  373),  is 
one  of  the  most  eligible  sources  of  commercial  glycerine  when  re- 
quired of  high  purity ;  the  distillation  df  fatty  matters  by  means  of 
superheated  steam,  so  as  to  hydrolyse  them  and  form  fatty  acids 
and  glycerol  (p.  3J^5).  furnishes  a  still  purer  raw  product ;  if  the 
temperature  of  distillation  be  too  high  (above  310*  to  320°  0.), 
more  or  less  decomposition  of  glycerol  into  water  and  acrolein 
(acrylic  aldehyde)  results. 

The  watery  glycerol  solutions  thus  obtained  are  concentrated 

•As  alreatly  stated  (p.  110)  tlie  wortl  ^'glycrror*  m  employed  in  the 
present  work  io  denote  tho  chemical  subfltauice  CaHfltOH^j),  aari  the  term 
'*  glyceriae  "  tct  indicate  coainierciivl  products  more  or  lesif  largely  coaaigtiug 
of  glVi 


I  glycerol  in  varying  ata.t<j8  of  purity. 
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iktw  evmporalion,  pnlervblj  i»oil  in  onlinarv  p«ux9,  but  by  8|>4?d«I 

_  «ft  to  tlKiie  Bsed  in  the  s^gar  indostry,  wb<»re  i 

of  eoBTfilttted   imhm  or    boUov    pUtes   heater]    bv  tlif 

on  of  stoftm,  are  aiade  to  revolve,  so  that  tbe 

or  plates  portlj  d^  into  tlie  itiid  to   be  c^rnporAted  and 

'  vpnrds  an  rndbefcnt  film  t^reof  as  ihey  revolve,  wliich 

nfidlj  loBes  water  Iit  erapocmtioa  whilst  the  part  of  xhf^ 

p^le  %o  whldi  ii  adheres  is  exposed  to  the  jur  jifier 

1  tbe  liquid,  especiiillj  if  the  whole  arrmngement  it 

» an  exhausted  vessel  or  "*'  vacaam  imn.** 

gijoerol  aolution  is  sufficiently  conceutrated,  il 
bj  treatmeDt  with  animal  cliarcoiU,  and  ngtm 
bj  nwana  of  sQperbeated  ^e^m,^  the  processes  being 
oereral  times  for  products  of  high  purity^  such  asthf 
required  for  the  manufacture  of  nitroglvcerme  for 
aite  and  similar  explosives.  Gijcerines  of  the  highe&t 
deifreo  of  purity  are  best  obtained  by  crystal  lis  iDg,  dmiuing 
off*  tbe  unaolidified  portuHi  by  a  centriifugal  machine^  and  meW 
ingthe  residual  etystals^ 

Tbe  exttactMvn  an4  purificaition  of  glycerol  from  soap  leys  is  i 
muob  more  tromblcoome  matter,  not  so  much  because  of  the  dis- 
aolred  adty  Jbe^  which  requires  to  be  fished  out  as  the  evaporir 
tioii  proceeds^  as  because  various  orgattic  impurities  derived 
from  the  fists^  Jdc.,  are  also  present.  C.  T.  Kingzett  t  found  the 
following  compositions  in  the  oise  of  the  salts  deposited  on 
evaporation,  snd  of  the  evaporated  mother  liquor  of  specific 

Salts. 

Sodinm  chloride,          ....  78*)S 

Sodium  stdphste,         .            «            .            .  .           8^1 

Sodiam  carboBste,        •             *            .             .  .           2'61 

Insolnble  orranic  nuktter,         .             .              »  .(^'22 

Glycerol  and  other  organic  sotahle  nmttcTB,  Z*^ 

Water,              ......  7*50 

100*61 

CbCDK  GLYC£RtKK. 

Wster,                    .            .  7'53  poa&dsper  gaUon. 

Glycerol,    ...         2iH 
Salts 2'IS 

12-35  „ 

The   removal    of  the   inorganic   salts    and    the   saponi 
resinouSf  and  albuminous  organic  matters  contained  in  the 
leys  may  be  more  or  less   completely  effected   in  a    variety  of 
ways  the  subject  of  a  number  of  patents.     Thus,  by  acidulating 
the  liquor  any  soap  is  decomposed,  and  fatty  and  resinous  acids 

*  An  ioiprored  form  of  glycerine  rectifying  apparatus  has  been  patentod 
by  R.  O.  Unglaub  (Eng.  Pat.»  8,1^,  1889). 
fJourn.  Soe.  Chem,  Ind.,  1882,  p.  77. 
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set/reej  separable  by  filtration.  By  treating  with  carbon  dioxide 
any  caustic  alkali  is  carbonated,  and  its  removal  by  salting  ont 
on  evaporation    rendered    more    easy    ( Vermnann).      By  adding 

,nmn   in    some    form    or    other,  aU>uminons    matters    may  h^ 

lated    and    precipitated    (Ptif/ne).       The    substitiibioti    of 

lam  sulpliate  for  common  salt  in  the  salting  out  process  is 

id  to  facilitate  the  separation  of  saline  mutters  on  evaporation, 
,nd  the  remaining  sodium  sulphate  finally  rernaining  to  interfei'e 
leas  with  the  purification  by  distillation,  nltimately  necessary  Ui 
render  the  glycerol  suitable  for  most  of  the  purposes  for  which  it 
\3  employed  (Benno,  Jappe,  cfc  Co,)  Spent  leys  produced  when 
black  ash  liquors  are  directly  used  for  soapmiiking,  contain  a 
variety  of  impurities  not  present  when  purer  caustic  soda  is  used, 
-especially  that  made  by  the  ammonia  process  ;  such  liquors  may 
be  considerably  purified  by  the  addition  of  soluble  copper  salts, 
whereby  siilphocyanides  and  organic  matters,  *tc,,  are  precipi- 
tated {A  lie  ft  and  Nickels). 

A  few  year^  ago  the  Michaud-Freres  process  for  saponifying 
glycerides  with  zinc  oxide  (p.  379)  instead  of  lime^  attracted 
considerable  attention,  it  being  expected  that  fatty  acids  and 
glyceryl  would  be  so  readily  obtained  that  the  older  soap  boiling 
processes  woidd  be  superseded,  and  direct  neutralisation  processes 
(p.  451)  substituted  for  them,  whilst  almost  fjure  glycerol  would 
result,  as  in  the  candleraalving  lime  autoclave  process.  As  yet, 
however,  this  result  has  not  been  brought  about  to  such  an 
extent  as  seriously  to  interfere  with  the  older  soapmaking 
processes,  A  similar  remark  applies  to  methods  based  on 
saponification  with  ammonia  solution  under  ]iressure  {p.  379). 
Commercial    glycerines    often   contain    impurities  of    various 

escriptiuns  Ijest  estimated  by  direct  determination.  Lime,  lead, 
magnesia,  saline  matters,  and  similar  nonvolatile  snhsUtncns  are 
left  behind  on  eva|)oration  and  incineration,  and  may  be  examined 
in  the  ordinary  ways  ;  distilled  glycerines  only  contain  minute 
amounts  of  inorganic  matter,  rarely  exceeding Od  to 0*2  percent. 
Silver  ititrate  forms  no  precipitate  or  darkening  in  colour  after 
standing  24  hours  when  added  to  glycerines  free  from  acrolein, 
formic  acid,  or  other  substances  cafjable  of  re^iucing  silver  salts, 
but  blackens  c€>n8iderably  in  their  presence.*  Traces  of  chlorides 
will  not  precipitate  silver  nitrate,  silver  chloride  being  slightly 
soluble  in  glycerol  ]  glycerines  from  soap  leys,  however,  give 
copious  preci]»itates,  as  they  usually  contain  several  per  cents,  of 
sodium  chloride.  Such  leys  often  contfiin  realtiomf  iimUers^  albu- 
minoids, faUij  acithy  and  other  substances  precipi table  by  basic 
lead  acetate.  Cane  sugar  and  glucose  are  sometimes  added  as 
adulterations,  easily  detected  by  the  cuprous  oxide  (Fehling*s) 

*  According  to  Ritaert,  |iure  glycerol  gives  neither  tiepo.sit  of  metallic 
Ailver,  nor  foraiation  of  yellow  colour,  when  mixed  with  its  own  volume  of 
ammonia  solution,  heitted  to  boilings  ivnd  treated  with  silver  nitrate. 
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test,  Glyceral  intended  for  dynamite  manufacture  should  be 
wholly  free  from  organic  impuriti<?s,  because  the  action  of  nitric 
acid  thereon  during  nitration  might  seriously  endanger  the  suc- 
cesH  of  the  process  and  the  stabihty  of  the  product.  Chlorides, 
except  in  tlie  merest  traces,  should  similarly  be  absent;  whilst 
other  inorganic  matt  ers  (lime,  Jtc.)  should  only  l>e  present  in  trace* 

Estimation  of  Glycerol  in  Watery  Solutions.  — For  the 
qualitative  detection  of  glycerol  in  aqueous  siilution  a  variety  of 
tests  have  been  proposed,  one  of  which  (lleichl's)  is  described  oq 
p.  8.  Kohn  *  recommends  the  following  method  : — The  liquid 
to  he  examined  is  evaporated  with  acid  potassium  sulphate  and 
the  residue  heated  in  a  retort ;  if  glycerol  is  preaent,  acrolein  is 
formed,  so  tbat  the  distillate  gives  a  red  coloration  on  treatment 
with  a  solution  of  rosaniline  that  has  been  just  decolorised  by 
sulphurous  acid. 

Several  processes  have  also  been  proposed  for  the  quantitative 
determination  of  glycerol,  some  of  which  are  nnly  suitable  under 
particular  conditions:  thus  in  the  case  of  distilled  glycerines  of 
consideriible  or  tolenible  |)urity  where  organic  n>atter8  are  absent 
and  inorganic  constituents  and  water  are  the  only  impurities  (no 
adulteration  with  glucose  or  other  sugar,  4:c.,  bein**  present),  the 
amount  of  glycerol  luay  be  conveniently  ascertained  by  oxidation 
with  potassium  dithromate  and  sulphuric  acid,  either  collecting 
the  carbon  dioxide  formed,  or  determiraing  the  dichromate  reduced 
by  using  a  known  quantity  and  hack-titrating  with  a  standard 
iron  solution^t  Another  method  a]>phcable  under  such  condi- 
tions is  tlR^**acetin  process**  of  Benedikfc  (p.  186),  where  the 
substance  is  heated  with  excess  of  acetic  anhydride  and  anhy- 
drous sodium  acetfite,  and  the  w^eight  of  potash  (KOH  =  56*1) 
determined,  neutralised  by  the  acetic  acid  formed  on  sajiODiS- 
cation  of  the  triacetin  produced  (after  destroying  the  excess 
of  acetic  anhydride  by  boiling  with  water)4  92  p  irts  of  glycerol 
correspond  with  3  x  56'1  =^  IG8-3  parts  oi  KOH  thusneutralised. 
Weak  glyiend  solutions  must  he  evaporated  down  until  at  least 
50  per  cent,  of  glycerol  is  present  in  the  fluid. 

Two  physical  methods  are  applicable  in  the  case  of  glycerol 
solutions  where  no  appreciable  amount  of  interfering  impurity 
is  present,  so  that  practically  only  glycerol  and  water  an*  con- 
tained j    these  are   based  respectively   on  the   deterndnation 
the  specific  gravity  at   15",  and  of  the  refractive  index  at  thi 
Bam  e  tern  p  e  rat  u  re. 

Skalweit  gives  the  following  table  §  for  the  purpose  of  exam- 
ining glycerol  solutions  in  these  ways:   older  tables  have  also 

*  Jonm.  Sor.  Chrm.  Ind.,  1890,  p.  148, 

"f  For  comparative  resulta  of  various  modes  of  testing  commercial  gly- 
cci1nei>,  t^itir  O.  H«*hner,  Joutm.  Soc.  Chvu  L^d.,  l8S1>t  p   4. 

X  According  to  Hehtier  {he,  cU.)  the  liquid  must  tmt  lie  lioiled,  as  the  tri- 
acetin rapidly  hydrolyflea.  §  Reptrt,  AntU*/t,  Chemit,  v.,  18, 
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been  given  by  Sbrohmer  *  and  Lenz,  t  reproduced  by  Benedikt.  J 
Hehner  {loc.  cU,  supra)  considers  Lenz's  table  accurate^  and 
Bichmond  has  recalculated  it  to  15*" '5  0. 


Spbcitio  GRAvrPY"  AT  15>*'5  {Lenzy  recaleulated  by  Kichmorvl), 

Pereentafe  of 

Specific  Orayitj  at 

Percentage  of 

Speciilcnravit7at 

Gl7«:erv>L 

16«»6. 

Oljcerol. 

16«-6. 

100 

1-2674 

87 

1-23-27 

99 

1-2647 

86 

1  -2301 

98 

1-2620 

85 

1-2-274 

97 

1-2594 

84 

1-2248 

96 

1-2567 

83 

1-22-22 

95 

1-25401 

82 

1-2196 

94 

1-2313 

81 

1-2169 

93 

1-2486 

80 

1-2143 

92 

1-2460 

79 

1-2117 

91 

1-24331 

78 

1-2090 

90 

1-2406 

77 

1-2064 

89 

1-2380 

76 

1-2037 

88 

1-2353 

75 

1 

1-2011 

Specific  Gravity  and  Refractive  Index  of  (Jlycerol 

Solutions  {Skalweil), 

Pwoentage 

Speoillo 

Refractive 

Percentage 

Speciflo 

RefraoUve 

of 

QrAVity  at 
15- 0. 

Index  for  D  at 

of 

Gravity  at 

Index  for  D  at 

Olyeerol. 

lyo. 

Qlyoerol 

16-0. 

Ifi^O. 

100 

1-2650 

1-4742 

50 

1-1200 

1-3996 

98 

1-2600 

1-4712 

48 

1-1236 

1-3966 

96 

1-2550 

1-4684 

46 

1-1182 

1-3938 

94 

1-2499 

1-4655 

44 

11 1-28 

1-3910 

92 

1-2*47 

1-46-25 

42 

1-1074 

1-3882 

90 

1-2395 

1-4595 

40 

I  1020 

1  3854 

88 

1-2341 

1-4565 

38 

1-0966 

1-38-27 

86 

1^287 

1-4535 

36 

1-0912 

1-3799 

84 

l-2-2:i3 

1-4505 

34 

1-0858 

1-3771 

82 

12179 

1-4475 

32 

1-0804 

1-3743 

80 

1-2125 

1-4444 

30 

1-0750 

1-3715 

78 

1-2071 

1-4414 

28 

1-0698 

1-3687 

76 

1-2017 

1-4384 

26 

10646 

1-3660 

74 

1-1963 

1-4354 

24 

10.)94 

1-3633 

72 

1-1909 

1-4324 

22 

1  0542 

1-3607 

70 

11855 

1-4295 

20 

1  0490 

1-3581 

68 

1-1799 

1-4265 

i       18 

10440 

1-3555 

66 

1-1743 

1-4235 

16 

1-0390 

1-3529 

64 

11686 

1-4205 

14 

10340 

1-3503 

62 

1-16-28 

1-4175 

12 

1-0290 

1-3477 

60 

1-1570 

1-4144 

10 

10240 

1-3452 

68 

1-1514 

1-4104 

8 

10192 

1-3426 

56 

1-1458 

1-4084 

6 

1-0144 

1-3402 

54 

11 402 

1-4054 

4 

1-0096 

1-3378 

52 

1-1346 

1-4024 

2 

1-0048 

1-3354 

•  MonaUh.  /iir  Chemie,  v.,  61.        t  Zeitaeh. /.  Analyt.  Chtmie,  xix.,  302 . 
X  Analyu  der  FeUe,  2n(l  edition,  p.  256«  et  seq. 
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impurities  ;  this  is  basf^cl  on  the  differences  in  the  tension   of 

ithe  vapour  emitted  by  glycerol  solutions  of  vavioua  degrees  of 
iBonoentration.  Gerlach's  vajiorimeter  for  this  pitrpose  is  repre- 
tienied  by  Fig.  144.  A  B  is  a  hollow  metal  cylinder  with  dished 
bottom  for  heating;  G  a  glass  cylinder  fitting  therein  and  made 
Watertight  by  the  indianibber  ring,  H.  To  use  the  inatrumentj 
G  is  disconnected  and  the  wiiole  turned  upside-down ;  the  reser- 
voir, F,  tilled  with  mercury  and  a  little  of  the  fluid  to  be  examined, 
is  then  connected  by  a  bit  of  njbber  tubing  to  the  end  of  the 
pressure  tube,  D  D,  passing  inwards  through  the  tubulus,  C.  The 
inBtniment  is  then  erected^  and  tilled  with  hot  water  after  fixing 
G  in  position^  the  temperature  being  then  raised  to  boiling  by 
heating  B.  The  expansion  of  the  niercurj  on  heating  and  the 
further  expulsion  thereof  by  the  vapour  emitted  from  the  glycerol 
solution  fill  the  pressure  tube,  D  D^  ^Yith  mercury  up  to  a  given 
level  :  the  leogth  in  millimetres  of  the  level  ditlerence  between 
the  mercury  in  the  reservoir  and  ihiit  in  tlie  open  limb  of  the 
pressure  tube  (known  by  means  of  the  attutlied  scales)  repre- 
sents the  ditfereoce  between  the  tension  of  aqueous  vapour 
emitted  fronv  pure  water  (equal  to  the  existing  barometric 
pressure)  and  that  of  the  vapour  emitted  by  the  glycerol  solution: 
froiu  this  the  percentage  of  glycerol  is  reckoned  by  means  of  the 
table  on  next  page. 

When  organic  substances  are  absent  capable  of  fornjing  oxalic 
acid  under  the  inlluence  of  alkaline  permanganate,  moderately 
sharp  valuations  may  be  obtained  by  converting  the  glycerol 
into  oxalate  (Wanklyn  and  Fox  ;  Benedikt  and  ^sigmondy  ; 
A*  H.  Allen).  The  liquid  is  rendered  strongly  alkaline  and 
boiled  with  excess  of  permanganate  ;  this  is  destroyed  by  sodium 
sidphite  or  sulphur  dioxide  and  the  liquid  filtered  and  precipi- 
tated as  calcium  oxalate. 

I  When  this  process  is  applied  to  the  determination  of  the 
amount  of  glycerol  furnished  on  saponification  by  a  given  oil  or 
i&tj  the  preliminary  saponification  should  be  effected  by  means 
of  caustic  potash  and  jmre  methylic  alcohol ;  the  solution 
obtained  by  treating  2  to  3  grammes  of  oil  is  evaporated  and 
the  residue  treated  with  hot  water  imd  dilute  hydrochloric  acid  ; 
a  little  solid  paraffin  wax  may  conveniently  be  added  to  helptlie 
solidification  of  liquid  fatty  acids  on  cooling.  The  whole  is 
filtered  and  waslied,  neutralised  with  potash  and  about  10 
grammes  more  potash  added ;  enough  5  per  cent,  potassium 
permanganate  solution  (or  the  powdered  salt)  is  then  added  to 
render  the  fluid  no  longer  green,  but  Idue  or  blackish  :  the  whole 

*is  then  heated  to  boiling  wliercby  hytl rated  manganese  dioxide 
separates,  the  liquid  becoming  red  ;  aqueous  sulpliurous  acid  is 
then  added  till  decolorisation  is  produced,  and  the  whole  Altered : 
the  filtrate  is  acidulated  with  acetic  acid  (w  hereby  any  turbidity 
due  to  passage  of  manganese  dioxide  through  the  filter  is  removed 
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■         bj  Uia  action  of  the  sulpliarons  acid  set  free)  and  tlie  oxAlic  acid 

I          present  precipitated  by  calcium  chloride  or  acetate ;  the  calcium 

1          oxalate  la  ignited,  dissolved  in  excess  of  seminormal  acid  And 

^^-    hftck-titrated  with  semiDormal  alkali^   usiog  methyl  oran^  ai 

^^m  indicator.     1  ac.  of  narmai  acid  {2  ex.  of  seminormal)  corresponds 

with  46  mil%nunmes  of  glycerine.                                                      ■ 

B^mdtBc  Qrmrltj  of  Sotatloa. 

^saiss" 

Water  dTHif 
710  MiUia<CnL 

W«i«ral 

1J--L 

af-L 

D«fr«c«a 

100 

1-9853 

1^2620 

290 

64 

696 

99 

1-20^ 

1-2594 

2S9 

87 

673 

98 

1-2602 

1-2568 

208 

107 

653 

97 

li2577 

1^542 

188 

126 

€34 

90 

1-2552 

1-2516 

175 

144 

616 

95 

1-2526 

1^490 

164 

Hi2 

696 

9ft 

1-2501 

1-24^ 

156 

ISO 

580 

93 

1-2476 

1-2438 

150 

198 

562 

92 

1-2451 

1-2412 

145 

215 

545 

91 

1^2425 

1^2386 

HI 

231 

5-29 

90 

1-2400 

1^360 

138 

247 

513 

09 

1-2573 

1-2333 

135 

263 

497 

88 

1  '2346 

1-2306 

132-5 

279 

4S1 

87 

1-2319 

1-2279 

130-5 

295 

465 

86 

1-22512 

12252 

129 

311 

449 

85 

1  2265 

1-2225 

127-5 

326 

434 

84 

1*2238 

1-2198 

126 

340 

420 

83 

1-2211 

1-2171 

124  5 

355 

405 

82 

1-2184 

1-2144 

123 

370 

390 

81 

1-2157 

1-2117 

122 

384 

376 

80 

1-2130 

1-2090 

121 

396 

364 

79 

1-2102 

1  '2u63 

120 

408 

352 

78 

1-2074 

1-203(5 

Ii9'0 

4)9 

341 

77 

1-2046 

1-20O9 

118  2 

43U 

330 

70 

1-2018 

11982 

117-4     , 

440 

320 

75 

1  1990 

1-1955 

116-7 

450 

310 

74 

M962 

1-1928 

116 

460 

300 

73 

M934 

1-1901 

115  4 

470 

290 

72 

M906 

1  1874 

114-8 

480 

280 

71 

1-J87S 

1-1847 

114  2 

489 

271 

70 

M850 

1-1820 

113-6 

496 

264 

65 

1  ITIO 

1  1685 

lU-3 

533 

227 

60 

1  -1570      I 

1  1550 

109 

565 

195 

55 

1J430 

1-1415 

107-5 

593 

167 

50 

1  1290 

1-1280 

106 

618 

142 

45 

1  1155 

1  1145 

105 

6:^ 

121 

40 

1-1020 

1  1010 

104 

657 

103 

35 

1-0SS5 

1^75 

1034 

675 

85 

30 

1*0750 

1-0740 

102-8 

690 

70 

25 

10620 

lOtJlO 

102  3 

704 

SB 

20 

1-0490 

1  0480      1 

1018 

717 

^ 

10 

1-0245      , 

1  0235 

10O9 

740 

20 

0 

I'OOiK)            1-0000      ( 

\m-n    1 

760 

0 

^                         J 
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The  quantity  of  glycerol  thus  found  is  close  to,  but  generally 
a  little  below,  that  deduced  from  the  saponification  equivalent 
of  the  substance  on  the  assumption  that  only  triglycerides  are 
present.*  In  the  case  of  oxidised  drying  oils,  however,  a  notable 
excess  is  observed,  doubtless  on  account  of  the  formation  of  other 
products  yielding  oxalic  acid  by  oxidation.  Thus  Benedikt  and 
Zsigmondy  obtained  the  following  values  : — 


NuneofOil.^cc. 

Glycerol  caVulated  from 

the  SaiMnlflcatioD 

Equivaleut. 

Glycerol  found  by  Ozalle 
Acid  Proceai. 

Olive  oil,          .... 
Coker  butter,  .... 

TaUow 

Cowb'  butter  fat,     . 

Linseed  oil,     .... 

Skins  from  boiled  linseed  oil,  . 

10-49  to  11  10 
1476  to  14-83 

10-72 

12-51 
10-24  to  10-66 

1015  to  10  38 
13-3    to  14-5 
9  94  to  10  21 

11-69 
9  45  to    9-97 
15-5  [AUen) 

The  following  table  exhibits  the  amounts  of  glycerol  theo- 
retically obtainable  from  100  parts  of  the  triglycerides  of  the 
respective  acids  named ;  the  last  column  indicates  the  amount 
of  fatty  acid  simultaneously  produced  : — 


PcTwnUfn;  of 

GlyMride  of 

Formulii  of  Aold, 

ODctral. 

Juttr  Add, 

Butyric  aoid. 

CiiHflOi 

30  5 

S7^4l 

Lftunc      ,, 

€,,Hs*Oj 

14-4 

94  04 

Myriatic  „ 

Ci^HtaOg 

12  7 

Bi^il 

Palmitic  „            .         . 

CiflH^jOs 

11  42 

95-28 

Stearic      „ 

^isHse^^B 

103* 

9573 

Oleic 

CigHa40t 

10-41 

95 -70 

Ricinoldc., 

CigBjuOj 

9-98 

95-92 

LtnoUc      f, 

Ci»H„0, 

10'4S 

95*67 

In  the  case  of  the  higher  acids  the  sum  of  the  glycerol  and 
fatty  acids  is  approximately  constant— viz.,  106  to  107  per  100  of 
glyceride  used. 

C.  Mangold  t  modifies  the  oxalic  acid  process  by  dissolving 
0'4  gramme  of  the  glycerine  to  be  tested  in  300  c.c.  of  water 
containing  10  grammes  caustic  potash,  and  adding  55  c.c.  of  a 
5  per  cent,  solution  of  potassium  permanganate.  After  standing 
half  an  hour  hydrogen  peroxide  solution  is  added  until  all 
manganese  is  precipitated.     A  known  fraction  of  the  total  fluid 

•  If  E  is  the  mean  saponification  equivalent  of  a  mixture  of  triglycerides, 

3E  milligrammes  of  tne  mixture  theoretically  yield  92  of   glycerol  =s 

92      ,^       3065-7  . 

^g  X  100,  or  — g—  per  cent. 

t  Ztits.  angew,  Chem.,  1891,  p.  400. 
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in  filtered   olT,   boiled   for   half  an   hour   to  destroy  excess 
hydrogen  jiercixide,  acidulated  with  sulpburic  acid  aifter  coolmgfi 
and  titrated  with  permaiigaoate  so  as  to  determine  the  oxalic 
acid  pri»duct?d, 

David  rocorninenrls  the  following  process  for  determining 
amount   of  glycerol  formed  on  saponiti cation,     100  grammes  < 
fat  are  heated  with  65  of  crystallised  barium  hydrate,  and  80c.ol1 
of  1)5  [>f'r  cent,  alcohol  added  with  agitation.     Tiie  neiirly  BoUdil 
intiHH  is  boiled  with  500  c.c.  of  water  and  allowed  to  nettle  ;  thfl_ 
renidue  left  on  povtriDg  off  the  supernatant  fluid  is  washed  twice 
by  decan  tat  inn,  and  the  total  tiuid  evaporated  to  half  its  bulk 
with  sulphtiric  acid,  the  surplus  being  removed  by  barium  car* 
bonate.     Finally  the  tillered  fluid  is  evaporated  to  50  cc.  i 
examined  either  as  to  its  refractive  power  or  as  to  its,  sp 
gravity,  the  atuount  of  glycerol  being  deducible  by  means  of  thfl 
table  li^ivt^n  cjji  p.  517. 

According  to  H«»hner  (lac,  cit.  supra)  the  bichromate  pr 
(p.  510)  gives  stifficiently  accurate  results  for  practical  pur 
with  fittK  ;ijid  suapH  when  thus  carried  out  ;  the  fat  is  saponifie 
with  alcohol ir  p<*<ash  (about  3  giammes  being  used)  and  diluted 
to  about  200  e.c*.  ;  the  fatty  actds  are  sefiarateii  by  means  of 
dilute  sulphuric  ueid  and  filtertd  oA* '^  the  filtrate  is  boiled  down 
to  half  its  hulk  and  treated  with  sulphuric  acid  and  dichromate; 
Obviously  if  any  traces  of  alcohol  are  left  in  the  fluid,  or  if 
soluble  acids  or  other  organic  matters  capable  of  reducing  di- 
chromate  are  present^  the  results  will  come  out  too  high.  Oper- 
ating in  this  way  nehner  obtained  the  following  percentages  of 
glycerol  :— 


Olive  oil »     » 
Cm\  liver  ail, 
LiiiMijeil  oil, 
Margarine^ 
Butter  fat, 


)0  26  iteroent. 
SI  "87        ., 

10-01 
n'SKjto12'4 


When  rhloridf'S  or  aldehydic  matters  are  present  (*.</.,  acrolein 
iu  distilled  glycerines)  the  glycerol  solution  is  first  treated  with 
silver  oxide,  being  nlightly  diluted  and  warmed  therewith  in  a 
flask  ;  basic  lead  aeetiite  is  then  added  in  slight  excess,  the  fluid 
liijide  up  til  a  known  bulk,  smd  an  alicpiot  part  filtered  off  through 
a  dry  filter  ?uid  treated  with  dichromate. 

Glycerol  in  Soap  Leys.  —  On  account  of  the  organic  ini* 
puritu'n  present  in  soap  leys  along  with  large  amounts  of  in* 
organic  salts,  the  above  methods,  as  a  rule,  are  not  directly 
avuihihle  for  the  estimntion  of  glycerol  in  such  liquors.  By 
evaporation  these  uiay  be  concentrated  without  material  loss 
of  glycerol  at  (irst,  although  subsequently  a  perceptible  amount 
is  carried  awny  with  the  escuping  water  vapour  as  the  liquors 
^**«ome  highly  concentrated.      When  the  evaporation  is  carried 
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nearly  to  dryness  a  residue  is  obtained  from  which  nearly 
absolute  alcohol  dissolves  out  glycerol  along  with  more  or  less 
inorganic  matter ;  a  rough  estimate  of  the  glycerol  present  is 
obtainable  by  evaporating  the  alcoholic  solution  to  dryness 
and  weighing,  and  then  gently  iucinerating  so  as  to  burn  off 
organic  matter,  the  weight  of  ash  left  being  deducted  from  that 
of  the  total  residue.  If,  however,  other  organic  matters  soluble 
in  alcohol  be  present,  obviously  they  would  thus  be  reckoned 
as  glycerol ;  in  some  cases  a  partial  ])urification  of  the  glycerol 
may  be  brought  about  by  again  evaporating  the  alcoholic  extract, 
treating  the  residue  with  a  small  quantity  of  absolute  alcohol, 
and  then  adding  one  and  a-half  times  the  volume  of  ether ; 
glycerol  is  kept  in  solution,  but  some  of  the  other  organic  matters 
are  usually  precipitated,  so  that  a  partial  purification  is  brought 
about.  In  other  cases  the  crude  glycerol  may  be  purified  by 
treatment  with  neutral  or  basic  lead  acetate  to  j)recipitate 
colouring  matters,  <fec.  When  rosin  is  present  in  the  liquors 
they  may  be  conveniently  purified  by  evaporating  down  after 
neutralising  with  dilute  sulphuric  and  adding  a  little  milk  of 
lime  (whereby  most  of  the  rosin  is  converted  into  insoluble 
lime  salt)  and  filtering  ;  the  residue  is  treated  with  a  mixture  of 
three  volumes  absolute  alcohol  and  one  of  pure  ether,  the  dis- 
solved matter  weighed  (after  expulsion  of  the  sohent)  and 
corrected  for  ash  left  on  incineration  {Fleming). 

Another  process  (Muter's)*  consists  in  heating  the  crude 
glycerol  liquors  with  basic  lead  acetate  to  remove  certain  kinds 
of  organic  matters  that  would  interfere  with  the  subsequent 
part  of  the  test,  filtering  and  removing  the  lead  by  sulphuretted 
hydrogen,  and  then  treating  with  caustic  soda  or  potash,  and 
dropping  in  copper  sulphate  solution  with  continuous  agitation 
until  copper  hydroxide  remains  permanently  undissolved ;  the 
quantity  of  copper  contained  in  the  blue  solution  is  about  pro- 
jwrtionate  to  the  amount  of  glycerol  present  (under  certain  con- 
ditions— vide  ivfra)y  so  that  by  determining  the  dissolved  copper 
the  glycerol  is  known.  For  this  purpose  Muter  employs  a 
standard  solution  of  potassium  cyanide,  for  which  the  author 
has  substituted  a  colorimetric  process  based  on  comparison  of 
the  hue  of  the  tinted  fluid  (filtered)  with  that  of  a  known  relative 
thickness  of  copper  solution  containing  a  known  amount  of 
copper  also  dissolved  in  glycerol  solution  under  the  same  con- 
ditions.! 

Unless  the  proportion  of  caustic  alkali  present  is  uniform,  a 
measurable  difference  in  the  solvent  power  of  glycerol  for  copper 
hydroxide  is  noticeable,  as  the  amount  of  alkali  varies  (Puis) ; 
so  that  when  a  cyanide  solution  is  used  it  should  be  standardised 

*  Analyst,  1881,  p.  41. 

t  Alder  Wright,  **  Cantor  Lectures,"  Society  of  Arts  Jouriialj  1885, 
zxxiii.,  p.  1123. 
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by  means  of  a  known  glycerol  copper  solution  prej^ared  side  by 
Bide  with  the  substance  examined  in  exactly  the  same  way. 

Crude  glycerol  solution,  purified  by  basic  lead  acetate,  usually 
retains  but  little  of  any  organic  matters  of  an  alcoholiform  or 
hydroxy lated  character,  so  that  the  acetin  method  (supra)  can 
generally  ho  applied  without  serious  error  to  the  residue  left  on 
evaporation  and  extraction  with  alcohol.  This,  however,  is  not 
so  certainty  the  case  as  regards  the  oxalate  method,  there  being 
a  possibility  of  obtaining  oxalate  by  the  oxidation  of  organic 
matters  other  than  glycerol ;  whikt  the  dichromate  process  iB 
usually  inapplicable,  organic  impurities  being  generally  still  left 
which  readily  reduce  dichromate. 

A  method  sometimes  eui  ployed  is  to  heat  a  quantity  of  crude 
glycerine,  representing  about  2  grammes  of  glycerol,  with  40 
grammes  of  litharge  to  about  130%  taking  care  that  no  carbonic 
acid  gets  access  to  the  mass  ;  when  the  weight  becomes  constant 
the  whole  is  similarly  heated  to  IGO*,  at  which  temperatm*e  the 
glycerol  is  volatilised  excepting  that  a  molecule  of  water  remains 
behind  combined  with  the  lead  oxide,  so  that  the  loss  of  weight 

is  ^  times  the  glycerol  present;   hence  the  loss  of  weight  at 

02 
160*  multiplied  by  —  =  1'243  represents  the  glycerol  present 

With  glycerol  containing  resinous  matter  it  is  impracticable  to 
expel  all  the  glycerol  at  1<50°;  whilst  if  chlorides  or  sulphates  of 
alkali  raetals  are  jiresent  these  react  on  the  lead  oxide  forming 
hydroxides  which  readily  absorb  carbonic  acid  (Hehner). 
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AbbI^  refractive  index,  51. 

Abel,     flashing     point     apparatus, 

126. 
Absolute  measure,  determination  of 

Tiscosity  in,  107. 
Absorption  of  oxygen  by  fatty  acids, 
113. 
„  „     by  oils,  42,  125,  129- 

137,  318,  341. 
„  „     during  cod  liver  oil 

extraction,  preven- 
tion of,  248. 
„  „     quickened    by  boil- 

ing, 129,  313. 
„  „     test  for  lubricating 

oils,  134,  330. 
See     also     Oils 
(blown).  Oils  (dry- 
ing). Gumming. 
„  spectrum,  50. 

Acajou — see  Oil  (cashewnut). 
Accumulators — see  Hydraulic  presses. 
Acetic  anhydride,   action    on  acids 
Irom    Turkey    red    oils, 
335. 
,y  action  on  alcohols,  glycerol, 

&c.,  8,  13,  186,  191. 
,,  action  on   cholesterol    and 

allied  bodies,  17,  191. 
,,  action      on      hydroxylated 
acids,  35,  37,  41,  186-191. 
„  action     on      non -hydroxy- 
lated acids,  189-191. 
,,  action  on  oenanthol,  25. 
Acetyl  acid  number  (acetyl  saponifi- 
cation numl)er),  187. 
Acetyl    number,    titration  ;    acetyl 

number,  distillation,  198. 
Acetylation  test  (acetyl  test,  acetyl 
number),     17,     43, 
121,  129,  157,  341. 
,,  „    process  of   working, 

186-191. 
M  >t    process  of   working, 

Lewkowitsch's  dis- 
tillation modiiica- 
tion,  190,  198. 


Acetylation  test,  use  of,  in  analysis  of 
glycerine,  8, 186, 
616. 
,,        „  „  in     analysis    of 

lubricants,  329. 
„        „  „  in     analysis     of 

Turkey  red  oils, 
335. 
„        „  ,,  in     analysis     of 

Yorkshire 
grease,  273. 
Acid,  acetic,  20,  288. 
,,        ,,      as     solvent     (Valenta's 

test),  55-57,  347,  349. 
,,        „      formed  from  oleic  acid 

24,  28,  30,  387. 
,,      acetyl  oxyoleic,  189. 
>i  it      oxy  stearic,  186. 

,,     acrylic,  25,  27. 
,,     aldepalmitic,  24,  25, 
„     angelic,  25. 

,,     anhydrodioxystearic,  42,  46. 
,,  ,,     possibly  formed  in 

blown  oils,  319. 
„      arachic  (arachidic,  butic),  21. 
,,  ,,       separation  from  other 

fatty  acids,  112. 
„      azelaic,  34,  35,  .36. 
, ,      benic  ( beheuic,  benistearic),  21. 
„      benolic  (behenolic),  31,  32,  45. 
,,      benomargaric,  21,  22. 
„      benoxylic,  45. 
„     benzoic,  19,  32. 
,,      bcnzoleic,  32. 
„      benzoyl  oxymyristic,  37. 
„      brassic  (brassaidic),  28,  29,  44, 

129. 
„      bromohypogaeic,  42. 
„      bromoleic,  2c<,  41. 
,,      bromomyristic,  38. 
„      bromostearic,  30. 
„      butic — see  Acid  (arachic). 
„      butyric,  20,  2S8. 
f,     caniphic,  32. 
„      campbolenic,  32. 
,,      caproic— A-ec  AcUl  (hexoic). 
„      capiic— «cc  Acid  (decoic). 
,,     cajirylic— ««e  Acid  (octoic). 
,,     carbolic — see  Phenol. 


^^^nd^6 

^™^ 

^^^^^^Acid,  carnaabic,  2(. 

Acid, 

bex&^roma»teanc,  176.             ^^B 

^H                 ,,      cerotic,  21,  19LK  liTiH, 

hcxacetylUiiu^ic,  S7.                 ^H 

^^H                 ,,          ^,    formiitiuDi  teatof  adulter- ; 

bexoic  (eaproic),  20*  288.         ^^^ 

^^H                                      ation  of  beeswax,  359. 

bexoxacetylateatic,  37. 

^B                 ,.      cetic,  2r,  22, 

hexoxy«tcaric,    19,  37.  4:?,  44, i 

^^H                ,,      cbloriodostccmc,  177. 

12>i,   135.                                   ^B 

^^m                 t,      ohiorocmtonic,  31,  li2. 

hyi«oto,  21,  22.                           ^B 

^^m                 ,,      chlompropiolit%  l\2, 

hytlrobetizoic,  32, 

^H                        cimk'ic,  25. 

liydrochloric-i<fe  Hydrocbloric       , 

^^B                        cinnctmie,  10. 

acitL 

^H                        couiiuc,  20,  22. 

bypogaeic,  25,  44,  180. 

^^H                  ,,      crotoujc,  25^  2H8. 

„           doubt  as  toexiatenee 

^^1                         crotonoleic,  2J<8. 

of,  24,  III. 

^^1                         danmlttric,  24,  25. 

iodopropionic,  27* 

^^B                        daturic,  2K 

iodr>stearic,  30,  38*                   ^H 

^^H                         deceDoic,  25. 

tsobutyiic.  20.                            ^^H 

^^1                 ,,      decoie  (cJipric).  20,  10<). 

iaodioxybeuic,  29.                     ^^j 

^^M                 ,f      diaceUbxystcuric,  11H>. 
^^M                  „      diallyf  acetic » :i2. 

iaodioxystearic— wtflaomerideai        1 

(dioxy stearic  acid).                        1] 

^^H                  ,,      dibroniopropiomc,  27. 

Laoli*2Xoie,  20. 

^^m                 ,,      dibromostearic,  31,  41,  176. 

laobexoxyBtearic  —  ««     Acid        J 

^^1                 tt     dibroinoxy  (stearic,  17G. 

(isolinusic).                                     1 

^H                 „      diekloracylic,  52. 

bolcic,  25,  29,  38,  43,  44.                J 

^^1                          diiodostearic,  2(j. 

„  contataed  in  di^tiiietl  oot-^^l 

^H                 ,,      dioxyb^uic,  28,  2t>,  44,  129. 

ton  seed  sti^arlne,  305^  *^H 

^^P                  ,,      dio?cybt'nctlio,  45. 

„  in  candle  ste&rine,   2(52; ^* 

^^H                   „      dioxyliriulumic,  44. 

375,  380. 

^H                  ,,      dioxypabintii^  42,  44,  ,')36. 

,,  formed   from   zttic    chlo- 

^H                „      dioxyfltearic,    28,    30,    41-45, 

ride    and    oleic    acid. 

^m                            VM,   190. 

143.  202,  :^80,                        , 

^^m                ,,      diricmoletc,  140. 

„  formed    during    diittilla«>^H| 

^^M                 ,,      diriciDolGO«uIpbnH€,  HU^  ZSSk 

tiou,  2H2,  .3H0.               ^B 

^^B                         dodecenoic,  25. 

iaolinolenic.  37,  4^,  1 28,  135.    ^ 

^H                 ,,      dodecoic— «««  Acid  (UnrlcK 

isolinusic,  37,  43.  128,  135. 

^H                         doeglic,  25. 

isoricinoleic,  41. 

^^m                 ,.            «,       tfxiatence  doubted,  24. 

^  iaotrioxy^tearic,  40,  43,  44. 

^^B                         clu^omargarie,  32. 

isovaleric,  20. 

^^B                         olisojitearic,  32. 

isoxy stearic —^f*-  Isoniendea 

^H                 „      ekidic,  2:^,  29,  43,  44. 

{oxy  a  tea  He  acid). 

^H                        enneadecoic,  21. 

lauric,  20.  71-74,  190,  28S. 

^^M                        ennenoii:^  25 

lii^noceric,  21. 

^H                        entioic,  20,  30. 

linoleic,  33,  134. 

^B                 ,,      t^raoic,  23,  28,  29,  32,  44,   129, 

liiioleDic,  35.  36,  43,  44,  128, 

^m 

135,  176,  180. 

^^M                 ,,           „       cbaractertstic   of   rape 

liaolic.  30-33,  90,  176.  180. 

^B                                             clas^,  2^4. 

,,     not  contained  in  uumal 

^^1                  „           „       QxidatioT)  products  uf^ 

oiU,  291. 

^M                                           2S,  29,  44,  129. 

.,     oxittationprodi]ct«of,t9. 

^B                 „      fortnic,  20^  288. 

34,  .35,  43-45,  128  137- 

^^m                 ,,      geoccrio,  21,  22. 

Unuaic,  19,  37,  43,  44.  128, 135. 

^B                  „      geranic,  15. 

margaric,  21,  22,  309.                        j 

^H                  If      glycerosolpburic,  144. 

artificial,  21,  309. 

^B                 „      hendecenoic,  20,  25,  32,  40, 44. 

meduOic,  21,  22,                                I 

^^H                 ,,      beudocinoic  (licndecolb,  unde- 

melisaic,  1.3,21,368.                         1 

^B                           colic],  31,  ;i2. 

iiicthvl    cro tonic  —  H€    Acid 

^^M                        beodecoic,  20. 

(tiglic). 

^H                        hendecolic,  31,  32. 

moringic,  24,  25. 

my  risUc.  2U,  31 ,  32,  71-73,  1 13. 

^B                 „      hcpto]c(ceiiauthtc),2Q,4O,41,140 

J 
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Acid,  m3rristolic,  31,  32. 
„      nitrous,  test  with— «fe  Elaidin 

reaction. 
, ,      nitric,  test  with — se**  Nitric  acid 
,,      octenoic,  25. 
„      octoic,  Sk). 

„      oenanUiic — nee  Acid  (heptoic). 
„      oleic,  25,  38,  68, 75, 90-92,  1 13. 
.  „         „    action    of    acetic    anhy- 
dride on,  190. 
„         ,,       „  of  bromine  and  iodine 

on,  27,  176, 180. 
„         ,,       ,,  of  fused   potash  on, 

24,  28,  30,  387. 
„         ,,        „  of   nitrous    acid    on 
(elaidin  reaction),  28. 
„        ,,       ,,  of  sulphuric  acid  on, 

27,  145,  149. 
„         ,,       „  of    sulphur  chloride 

on,  155,  156. 
„         „       ,,  of  zinc   chloride  on, 

39,  142. 
,,         ,,      amount  in  candle  stear- 

ine,  375-377. 
„         ,,      conversion   into    stearic 

acid,  26,  386,  387. 
„         „      determination  of  (Muter's 

process),  376. 
„         ,,      oxidation    ]>roducts    of, 

10,  28,  43-45,  128. 
„        ,,      separation    from    other 

acids,  112,  376. 
„         „      soap— «fe  Soapmaking. 
,,        ,.      yield  from  ox  fat,  311. 

See  also  Red  oils. 
„      oleo-oxy stearic,  330,  331. 
oleo-stearic,  ^^31. 
orthopropionio,  12. 
„      oxybenzoic— xe-e  Acid  (sali- 
cylic). 
„     oxyhyi>ogneic,  41,  43. 
„      oxylinoleic,  125,  134. 
„      oxymyristic,  37,  38. 
„      oxyoleic,  41,  42,  43,  332. 
„  ,,  contained  in  d(f*gras,  336. 

„  „  formed  in  blowing  oils, 

319. 
„     oxypalmitic,  38. 
„      oxystearic,  25,  27,  38,  39,  43, 

143-145,  330,  384. 
„      oxystearosulphuric,  27,  29,  38, 

144,  330. 
„     palmitic,  21,  44,  72,  74,  91. 
, ,  „        action  of  acetic  anhy- 

dride on,  190. 
^,  ,,        artificial,     manufac- 

ture of,  387. 
.„  „         formation  from  cety- 

lic  alcohol,  13. 


Acid,  palmitic,  formation  from  oleic, 

isoleic,      and     elaidic 

acids,     30  —  see     also 

Acid,   oleic,  action  of 

potash  on. 
„  ,,    mixed  with   stearic — see 

Candle  stearinc. 
,,  ,,    occurrence  in  arachis  oil 

denied.  111. 
,,  ,,    present  in  spermaceti  of 

low  grade,  361. 
,,  ,,    separation     from    other 

acids,  112,  113,376. 
„  ,,    used  fornight  lights,  407. 

„     palmitolic,  31,  32,  45. 
„      palmitoxylic,  45. 
„      paraffinic,  21. 
,,      parasorbic,  32. 
,,      pelargonic— «fg  Acid  (ennoic). 
,,      pentadecoic,  20,  21. 
,,      pentaricinoleic,  147. 
,,      pentoic,  20. 
„      pentolic,  32. 
,,      petrolcumic,  25. 
,,      phoronic,  25. 
„     phosphoric,  colour  test,  151. 
,,      physetoleic,  4.  25. 
,,  ,,       characteristic  of  train 

oils,  292. 
,,     propiolic,  32. 
,,      propionic.  20. 
,,      pyroterebic,  25. 
„      rapic.  41,  43,  284. 
„      ricilinolic,  3i>,  36. 
,,      ricinelaidic,  40,  43,  44. 
,,      ricinic,  41. 

,,      ricinoleic,  39,  40,  90,  176,  180. 
, ,  , ,  action  of  fused  potash  on, 

40. 
,,  ,,  oxidation  products  of,  19, 

40,  43,  44,  129. 
,,  „  polymerised,  146, 147, .333. 

,,      ricinoleosulphuric,  145,3.32,333. 
,,      salicylic,  5,  19. 
„      sativic,  19,  34,  35,  43-45,  135. 
,,         ,,    as  characteristic  oxidation 

product,  128,  344. 
,,         ,,   formed  from  olive  oil,  344. 
,,         „   not  formed   from  animal 

oils,  291. 
,,      sebacic,  40. 
„      Borbic,  32. 
„      stearic,  21,  72,  73,  88-92,  155, 

156,  190,  309. 
„         „    adulterant  of  beeswax  and 

spermaceti,  359,  361. 
„         ,,   formed  from  linolic acid,  34. 
„        ,,        ,,     from  oleic  acid,  26, 
386,  .387. 


E 

K6S8 

INDEX. 

^^^ 

■ 

■4-.. 

sloftnc.  formed  from  rictnoleic 

Acida, 

fatty;  formed  f ram  aloobolitij    ^M 
actioD  of  fu«ed  pelaik,ll    ^H 

■ 

iidiV  40, 

■ 

»• 

, ,   f oTttic^ti  from  ftn ti v  i c  acid,  35. 

»i 

M  from  glyceridcsi  yield  df,    ^H 

■ 

«i 

„   scpttmtioii       from      other 

163.                                     ^B 

acidt,  ll'2,  113.376. 

9f 

,,  from  BCMip»  172.                   ^H 

■ 

¥* 

»,   yield  from  ox  fat,  311. 

tl 

„  from  tallow,  palm  oil,  fta;    ^^1 
valuatioti     by    ladiiaf    ^H 

■ 

Stt  tdM>  C«udle  atcariue. 

■ 

%t 

»U<uriilk\  'i3,  3IK 

point,  75,  7G.                    ^H 

■ 

¥* 

ste*n.hv%  31  :i3,  33,  45. 

9> 

,,  from    various   oilt,  ke.;    ^^M 

■ 

%* 

iK^mxytio.  .H3,  »6,  45. 

mclttDg  poistK,  69-7!l        ^^M 

■ 

»» 

»tdUjitc«nc,  21,  *i2. 

It 

„  in»oIuble    in    wftlrr  — Kt    ^^H 

■ 

%t 

»ul*eric.  3t>. 

Hebtier  niiml^er;   loeal-    ^^M 

■ 

%* 

sttlphurio-^»<r  Sulphuric  acid. 

uble  add  cumber.             ^^H 

1 

>• 

•ulphnrous  —  »rt    SulpUurou* 
acid. 

l> 

„  insoluble     in     petrokoB    ^^M 
ether,   from  boilrd  oila    ^^M 

■ 

•  « 

tATtric^  Si,  36, 

135.                                     ^H 

^ 

»« 

l«r*bie,  83<, 

«» 

1,  iodine    number   of— lee   ^^H 

M 

Iodine  number.                  ^^M 

»» 

l»imo»qrl«^tivK%3.\ 

91 

„  mean  eqniTaleaK  11^1 1^    ^^| 
173,  ik                          ^M 

tl 

»i 

19 

t,  mean  equtraleDt   is  lam    ^H 

»• 

Mnaic,  SU  3^ 

than  sapoDifiGfttioD  »]iii*    ^H 

•» 

iilro^y»t«Mtti— ••«  Acid  (sftti- 

▼alent  of  glyceridca  by    ^H 
12 -ft?,  105.  197.                  ^ 

v» 

MvfOCMMljl  vtearlc,  aft. 

M 

,,  melting     point*    of— i«      1 

i« 

Mekmg  points.                   ' 

»• 

tidie  (m^thykrotamc),  25, 2S8. 
l«dmc  19. 

II 

„  mixtures   iif;    cakaUtion 

»fr 

of  coropofrition.  172.           | 

M 

irid«c«noic,  2Sw 

II 

„  neutralisetioo       numben      < 

¥« 

trid<KX*io,  m,  22. 

of  —  ae*  Ncntrmliaitioo 

M 

trioxyatwic.  19.40,43,44,129. 

number. 

tl 

trioxAoetyl  stearic,  41. 

fl 

„  oxidriUon  during  diyiag. 

11 

tririciuolcii%  U7. 

IKi. 

«» 

trii>Uc.  m 

It 

,t  oxidation  of,  from  drying 

t» 

umt^ilultc,  ^. 

oils,  im. 

►  i 

uudeoidic  —  tei  Actd   (liende- 
oolic). 

I* 

„  polymtrised,  from  ce»tor 
oil,  140. 

tt 

undecylic — ftt  Acid   (hende- 
coic). 

II 

,,  separation    of,    as    leed 
Balta.&c,112.  12H,13e, 

t» 

midccyleaic— 4av  Add  (heude^ 

356,  37(1 

o«tiaicK 

IS 

„  solid  *  from    tallow  ud 

*| 

vdlerie,  90.  «I6,  28S. 

|ialra    oil,    74  76  —  •» 

Add 

QUtidM^r.  trm^-^e  Acidi  (free 

Cantlle  steaitue. 

f»tiy). 

II 

„  soluble  in  alcohol.  23, 

l» 

>,       toUl— #e«  Total  add 

iiumWr. 

II 

„  eobible  in  wnter,  23,  163, 
167  ^  70.  195. 

11 

mr«>oeea  (oil  reliuijig)»  259. 

tl 

,,  soluble  in  soap  analym 

l» 

»ata,21 

497. 

Acidity  ofM^P*«d4,  498. 

»» 

J,  soluble  add  number— aee 

Add 

s.  dil>J«ic\  18, 

Soluble  acid  number. 

♦» 

diatilled  (nmnufacturingpliiiii)^ 
3S2  384. 

f> 

„  volatUe.  22,  1X3 -*eeaUo 
Boiling  points. 

ti 

,»    mrlii*>K  Joints,  384. 

It 

„      ,,    acid     number— f«« 

i» 

ffttty ;  forujcd  by  lydrolysisand 

Volatile  »cid  number. 

sft|iomticatioti,7, 10, 

9* 

,j     „    containeil  in  York-      ^ 

la  1(4. 

shire  grease,  27  5l 

i> 

,,        „  dvarini;       ey.stematic 
cxami  nation  of  oils, 

tl 

„      „  with        superheated 

steam— «ee   Distej^^^ 

i 

■ 

&c.,  124. 

k 

^^^^H 

■ 
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Acidi 

,  fatty,  volatitep  with  wet  steam, 

Acids, 

aeries  of,  dibromoacetic,  26,31. 

22, 1 12— *^r(i/#G  Eeicbert 

11 

,,       diiodoacetic,  26. 

numljer;    Volatile  aciil 

»» 

„      dioxyaCearic    —    a«« 

number. 

t;iy eerie  seriea. 

*f 

,,   nn saturated,    in    pressed 

II 

„      orythroglucic  (trioxy- 

candle  iteariiie,  375, 

Htearic),  19,  43. 

•  i 

free  fatty,  aiiirmnt  present  in 

It 

„      glyceric        (dioxy- 

oilcAkea,  115/214, 

Btcaric),  19,  27,43. 

»• 

„          as  candle  material 

»f 

„      glycoUic  —  see     Oxy- 

— «««   Candlea, 

acetic  series. 

Btearine, 

fl 

,,      hexoxy stearic,  19,  43. 

f» 

„          determination     of 

tt 

,,      linolenic,  18,  36. 

■ 

free  acid  number. 

II 

,,      linolic-n^e    Propiolic 

24,  115-nO,  194, 

jseriea. 

341. 

If 

„      oleic  —  see     Acrylic 

t» 

„          determination    of. 

seriea. 

by     Bur§tyn'8 

11 

,,      oxyacetic        (oxy- 

method,  na 

Bteoric,      gly  collie), 

If 

,,          detrimental  effects 

19,27,  37. 

of.  nrt,  260,313, 

It 

„      oxyacrylic(ricinoleic). 

322,  356. 

19,  39, 

•  1 

»,          examination  of,  for 

fl 

„      oxy  benzoic,  19. 

detecting     aiul- 

ff 

.,      oxyoleic  —  see    Oxy- 

teration,  356, 

ttcrylic  seriea. 

f» 

,,          formed  by  hydro- 

»* 

„      oxystearic  — ace  Oxy- 

lyBJa— «£«  Hydro  • 

aeettc  aeriea. 

lyais. 

»i 

„      propiolic  ( llnolic),  18, 

1* 

„          from   Turkey  red 

28,  30, 

■ 

oila,  334,  335. 

II 

,»      ricinoleic  —  see  Oxy- 

I*' 

„          iodine  number,  180, 

ftcrylic  aeries. 

■ 

184,  197,  356. 

tt 

„      aalicyiic,  19. 

fl 

„          iodine  number  ex*. 

11 

,,      Btearic  —  see     Acetic 

ceeds  that  of  ^ly  - 

series.                                             J 

ceridefl  by  about 

ft 

„      atcaroUe,  3D,  31,  45.                    M 

4-5     per     cent,. 

It 

„      atearoxylie,  33,  45.                       ^M 

185,  107. 

It 

„      tetroxystearic,  19, 43.                  ■ 

ff 

„         occu  r  rence  in  nat  u ' 

•I 

„      trioxyatearic  — «««                  ^M 

raloils.  &c.,  114- 

ErytbroKlacicaeriea.                  ^M 

119,  21>2,  355. 

Acrolein  (acrylic  aldehyde),  15,  25.                     ^| 

ft 

„         productifm    of,    in 

»* 

in  glycerine,  515.                                     ^M 

j^reaae  recovery, 

ti 

produced  by  action  of  heat                 ^H 

271,  272, 

on  oila,  125.                     ^H 

If 

„          proportion  uaually 

tt 

1,        dehydration     of                ^H 

present,  115. 

glycerol,8,513.                 ^M 
oxidation  of  lin-                ^H 

«t 

mineral,  detection  of,  123,  323, 

11 

>t 

„     inadmiBfiible     in     puri- 

a«ed oil  {lino-                 ^H 

fying  lubri^?aiits,  325. 

leum),  318.                      ^B 

II 

,,    injuriouH      ed'ecta     of, 

Actual 

density,  incorrect  use  of  term,                ^H 

115,  260,  322,  325. 

89, 

■ 

>> 

monobasic,  18. 

AdipoM  ttsBiie«,  Mkiae  Mouries  pro-                ^^ 

II 

I >ol )  hydroxy Ifttcd  Bteario»  43- 

cesa,  308.                                   ^H 

46.  12K.137. 

rendering  of,  245-25L                  ^M 

It 

aenea  of,  acetic  (■tewic),  18, 

1 

uaeof,  aafood,3D3,                       ^M 

la 

Adulteration,  genera!  methods  of  de>                  ^^ 

•  * 

„      acrylic  (oleic),  18,  24. 

tecting,  :I4U-:J42— *ce  also                ^M 

•  I 

,,      benzoic,  19, 

each  oil,  he,  separately.                    ^H 

ft 

,,      bromoleie,  28, 

II 

with   aoHd  auspeiiikd  mat-                  ^H 

If 

„      cinnaniic,  19. 

tera,  deternunation.  123.                   ^H 

riF 

,,      dichloroacetio,  3L 

^Esculin,  50.                                                  .^^H 

^^H 

^^^^^I^^^H 
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Mihermh\—»ee  Eater  number. 

Alcohol,  octotiecylic,  14.                    ^| 

Air,  bkacliing  oilji  by  means  of  hot) 

octylic.  5^  14.                         ^H 

204. 

pentaiJecylic,  14^                  ^^B 

,,     uned  in  prepariog  blown  oila— 

propylic,  14,  20.                    ^^B 

(•«  < Jils,  blown. 

jiycoceryUc,  la.                      ^^1 

„           „         „  boiled  oiU— 1«  OiJ«» 

tetradeeylic,  14^                    ^H 

drying,  boiling  of. 

tridecylic,  14.                       ^^H 

„     wax  bleaching  by  exposure  Ut, 

„       xylylic,  16.                             ^" 

and  light,  2ti8. 

Alcohol,  solubility  in--Kc«  Solubility. 

Air  bath,  Penalty's, fla»liingpoint,  127. 

Alcoholiform  pro<luct3  of  Biipoaiiica' 

„         PohlB,  melting  point,  63. 

tion,  4-18,  121. 

,,          8[)ecific  gravity,  80. 

Alcohols,  acetyl  numbem  of,  17. 

Air  bla^t,  IhuniH  (**impboilinjjj),  4r{3. 

, ,        d i  hy d ric — see  G  ly cola. 

Albumincms  nrnttcr?',  dett-nnintition, 

„         fermentation  —  see       Oils 

ll9-lli:i 

(fusel). 

„            „     removal  from  crude 

,,         free  iji  oila,  due  to  hydro* 

ylyt:eriut%514,515. 

lysifl,  7.  114,  116^  171. 

,,              ,,     removal  from  oils, 

,.         bexhydric.  5. 

*c.— J<er     Oiljs 

. ,         higher,  con tained  m  York- 

(ularillcfition). 

abire  greaae,  272. 
,,        monoh3'drie,  4,  13. 

Alcohol,  allylic,  to,  44. 

„       iimylic,  \i. 

„         pentabydric,  5. 

,,        b<iiijcylic,  10. 

„         seriea  of,  acrylic  (allylic), 

„        butylio,  14. 

13,15,44,114, 

„       eery  lie,  14. 

,,               „         benzylic,  15,  16, 

1,             ,,       prefltnt  in  Yorkabire 

»i             „        cbole«teric,  16, 

^T«i*e»  *2i2. 

»,              ,,         cinnamic,  1,3,  la 

,,      oetylic,  4.  0,  7,  14 

ethylic,    13,    14, 

„           „   net  ion   of    aeotic    anhy- 

114, 116. 

dride  WU  15,  lUL 

„         geranic,  15. 

,,           ,,    action  of  fu>^eil    [lotaith 

„               M         phenolic,  13,  15. 

on,  13, 

„         tetrahydric— w«  ErytliroU 

„           „    contained     in    cetaoean 

,,         trihydric— *<c  Glycerols. 

oils,  114,  110J21. 

Aldehydes,  3,  6»  15. 

»»           „   contained  ill d<'^r  118,3116, 

„            hydrogenation  of,  l4. 

„           ti    contained  in  spermaceti 

„            oxidation  of,  20,  25, 

— fif.e  JSpermftceti. 

Alkali,  calculated  <|yanltty  reiiuiidt* 

,,           ,,    contained  in  YorkabJre 

for  wn ptiniti cation— jsif«  Cal 

grease,  272. 

uuLitiomi 

„           ,,    palmitic  acid  from,  13. 

„      free,  in  soapa,  injurious  eiTect« 

,,        cinnamic,  16. 

of — nft  Soajis,  alkaline. 

„        decylic  (doeatylic),  14,  40. 

Alkalies,  action  on  brominated  and 

,,        d«>*iet*ylic  (dodecatylic),   14, 

chlorinated  acids,  2d  32,  38, 

114. 

,,   effect  of  fusion  with — we  Hy* 

„        cthylie,  4»  14. 

drogen. 

„        lientlecylie*  14. 

f,   effect  of  fusion  with,  on  oleic 

,,       hcptadecylic,  14. 

acid  and  isomerides 

„        heptylic,  14. 

Kf* e  —  A  c  i  d    (oleic. 

.,        hexadecylic,  H. 

palmitic). 

„       hexylic.  14. 

„           ,,       on  ricinoleic  acid,  40. 

,,       iaobutylic,  14,  20. 

,,   manufacture  4 »f.  410. 

,,        isocerylic,  14. 

„    mild  and  cani^,tic.  409— *<«  Pii. 

,,         iioniyricylie,  14, 

lash  {cunstic),  .**^oda  (camtticf. 

„        iso[fropylic^  14. 

,,    tjuantjlten  mutuanyequivalent 

„        raethvHc,  5,  14. 

to  one  another,  425. 

„        myricylic,  4.  t4,  21,  358. 

„   use  of,  in  refining  oils,  4c.,  2$0. 

,»              „          action    of    fnued 

,,    uae  of.  in  soa^miakins;,  409. 

potuiih  on,  13. 

,,   vegetitbleand  niincralt410— «f  t 

Potath,  8oda,                        ^h 

,,       nonylic»  14. 

INDEX. 
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Alkalimetrical  assay,  420. 
Alkaline  carbonates  as  saponifying 
agents,  409,  410. 
,,  ,,    causticising   of — see 

Causticising. 
„  ,,    direct    ase    in  soap- 

making,   409,   433, 
453,  460,  463. 
„  earths,  use  in  refining,  256. 
,,  refining  processes-«fe  Refining. 
,y  soap,    injurious    effects  —  ^ee 

Soap,  alkaline. 
„  solutions,  strength  of,  418, 419. 
Alkalinity,  degrees  oi—see  Degrees. 
,,         negative,  498.  499. 

of  leys,  414-419. 
,,  ,,   corrections  for  impur- 

ities, 419. 
,,  ,,   effect  of  temperature 

on  density,  416. 
„         of  soda,  British  trade  cus- 
tom, 420. 
Allbright  &  Clark,  spontaneous  in- 
flammation, 13*2. 
Allen,  A.  H.,  beeswax,  358,  359. 
,,  bromine  reaction,  177. 

„  distilled    cotton    seed 

stearine,  305. 
„  glycerine  valuation,  519. 

„  linolic  acid,  34. 

,,  Maumeud's  test,  149. 

,,  melting  points,  71. 

,,  nitric  acid  teat,  140. 

„  Keichcrt's  test,  174. 

,,  relative  density,  89,  93. 

,,  Haponification       equiva- 

lents, 160. 
,,  soap  analysis,  494,  507. 

, ,  suff ar  test  for  sesam^,  340. 

,,  sulphur  in  oils,  123. 

„  sulphuric  acid  colour  re- 

actions, 151. 
„  test  for  arachis  oil,  344. 

,,  Valenta's  test,  56. 

„  viscosimetry,  99, 101, 104. 

f»  waggon  grease,  327. 

Allen  and  Nickels,  glycerine  extrac- 
tion, 515 
AUen  and  Thomson,  free  alcohols  in 
sperm  oil,  &c.,  171. 
„       unsaponifiable  matters  in 
various  oils,  &c. ,  257. 
Alligator  fat,  299. 
Allihn's  condenser,  239. 
Allyl  cyanide,  25. 

„     ethers,  15,  25. 
Aknonds,  sweet  and  bitter— «e«  Oil 

(almonds). 
Alpaca  fat,  299. 


Alum  in  lard,  307. 
„      use  in  cleansing  rancid  tallow, 
256. 
Aluminium  oleate  used  in  thickening 
oils,  121-124,  324,  329. 
„      soaps,  121-124,  324, 328, 329. 
Aluminofcrric  cake,  aluminium  sul- 
phate,  use   in   recovering   grease, 
270. 
Amagat  and  Jean,  oleorefractometer, 

51. 
Ambreol  (ambergris),  3,  17. 
Ambiihl,  specific  gravity  vapour  bath, 

80. 
American  mineral  oils,  viscosity,  105. 
Ammonia  process  for  alkali  manufac- 
ture, 410. 
,,        saiK)niHcation  process,  379, 

410,  515. 
,,        salt,   dealkalising    process 
(Alder    Wright's )— ««< 
Wright,  Alder. 
Angelica,  25. 
Anglo-American  system  of  oil  pres- 

sinii,  210,  215-218. 
Anhydrides,  fatty,  in  analysis,  371. 
,,    of  dioxystearic  acids,  42,  46. 
, ,    of nonhy droxy lated  acids,  1 89. 
, ,    of  oxystearic  acids,  30,  39. 
Animal  charcoal,  use  of,  in  decoloris- 
ing oils,  &a,  263,  269. 
,,         ,,   use    of,   in  deodorising 
cokemut  oil,  310. 
„  ill    purifying   gly- 
cerine, 514. 
,,         „        ,,  in    purifying  lan- 
olin, 339. 
,,     fats,  acids  from,  21,  25. 
,,       ,,     rendering  of,  245-251. 
Anise  camphor  (anethol),  192,  194. 
AnschUtz,  action  of  acetic  anhydride 

on  ben7X)ic  acid,  &c.,  189. 
Anthracene,  extraction  from  anthra- 
cene oils,  230. 
„      oils  (coarse  lubricants),  328. 
Antifriction  ingredients,  324-328. 
Aqua  regia,  colour  tost,  151. 
Arachin  (arachic  glyceride),  chief  con- 
stituent of  Kambutan  tallow,  296. 
Arachis  nuts,  decortication  of,  224. 
Araeometer,  77. 

„  (Bur8tyn*s  method),  118. 

„  Lefebre's,  79. 

,,  thermal,  82,  347. 

Archimedean   screw   (mixing   soap), 

440. 
Archbutt,  claidin  test,  138. 

,,         free  fatty  acids  in  burning 
oils,  313. 


H              5S2                                                       INBEX.                                                         ^H 

H              Archbutt,  MaumenC'ii  test,  149. 

Benedikt,  zinc  chloride  and  oleic  iokI   ^M 

■              Argftnd  Ump,  313. 

39,  142.                                             ■ 

^m             Arnaud,  tariric  acid,  36. 

Benedikt  and  Grus^jner,  methyl  niwi-  ^M 

^B               Ashes  as  detergenta,  409. 

her,  10t3.                                             V 

I^B              Artificial  hnttet—see  Margarine. 

Benedikt  and  Hazura,  iionfortnatiMl  ^1 

^H                                 l&rd — }ve  Lard. 

of  sativic  acid  from  aoiinal  oila,29l. 

^^^^       Autoclave  for  »oapiuaking^ae<  Soap- 

Bene*likt  and  Ulzer,  acet)  latinn  l^U- 

^^^^^                            uiak  ing  ( hy  drated  soaps}. 

see  AcetyltttioD  best 

^^^P                        rock,  374. 

„           ,,        oxy oleic  ftci*i  it 

^^^"^              „          steariiie  process,  373— ifie 

,,            ,,       oxystearosidpliunc 

^F                                    Camlle  atearine. 

acid,  H5. 

H              Axle  grease  -ste  L  u  brican ta. 

Benedikt  and   Zaigmondy,  glyc«riM 

valuation,  519,  621. 

I 

Bennett  and  Gibb8(8oaiwnakmgttU^ 

presisure),  463. 

^M             Bach,  absorption  of  oxygen,  134, 329. 

Benno  Jappd  &  Co.,  glycerine  cxtnte^ 

^M                  „      meltiBg  puints,  7). 

tion.  3ir>.                                         ^ 

^H               Bagging  for  pressoakes,  217. 

Bensemann,  melting  points,  71*         ^H 

^^^_^           „        of  Be uii solid  oils  to  separate 

Lubes,  62.                        ^ 

^^^^h                           **  htcarines,'"    spermaceti, 

Benzene »  3u 

^^r                         &c.,  2:211,3^^.360. 

as  solvent,  55,  231,236,282,   . 

^             Ballantyne,   effect   of  light  on  oils, 
■                  130  132,  149— *?•«  alio  Thomson  and 

254.  337,  339,  359.          ^ 

Benzoic  aldehyde,  3.                           ^H 

^H                   Ballantyna. 

ethers,  17.                               H 

■              Balsam  of  Peru,  16. 

Benzoline— ff«  Petroleum  ether,         ^H 

■                               Toll),  19. 

Beyer,  plotting  machine,  448.              ^^ 

■              fiarilla,  410,  473. 

Bicarbonate  formed  during  saponifi- 

H             Barium  polysulphidefcolour test),  151. 
^m                     „  sulphate,  adulte  rant  of  wax  1 359. 

cation,  410. 

Bichromate  process,  glycerol  estima- 

■            Barrisj^  (soap),  ^37,  438,  444. 

tion  —  «e«  Glyoeriae, 

■              Baths— ^^«    Air    hath.    Hot    Imtha, 

mannf&cturs    of 

H                  Chi  11  ink'    hntha.     Vapour     baths, 
~                   Water  buthft,   &c. 

(valuation). 

„  (oil  bleaching).264-266.  J 

Bauer  and  Hazunudryingoils,  136,290. 

„           „  (wax   bleaching),  2IS6,  ^1 

Baynes,  Maomeue  s  test,  149. 

269.                      .     H 

Beans,    fatty    matter   contained     in 

Biliary   constitu tents    in    liver  dUi       1 

variona  kinds  of,  241  244. 

292.  354.                                                  J 

Bears'  grease,  299. 

Bishop,  polarised  light,  50.                 ^M 
Bladder  lard.  306.                                 ■ 

Be&nm^,  rational  scale,  88. 

Beccbi^a  test  for  cottoo  seed  oil,  131, 

Bleaching  oils.  &c.,  50,  263^2*9,  35S,  ^ 

306,  346. 

3tH 

Beech  wood  tar,  21. 

,,         powder,  nse  of  in  decoUwit*  ^i 

Beef  fat,  beef  tallow— sec  Tallow. 

ing  oils,  264,  266,  267.   M 

Bee  f  stea  ri  n  e —see  S  tearioe  (beef) . 

Blown  oils- see  Oik  (hlown).             ^H 

Beeswax— s''^  Wax  (bees). 

Blowpipe,  428,  433,                              ^ 

[                   Beet  fusel  oils.  14, 

Bluhl>er,  extraction  of  oil  from,  247.         1 

Belt,  J.  Carter,  lubricating  oils,  325. 

Bock's  process,  384.                   ^                 ' 

Bender,  viscufiity,  J  06. 

BoiliuL;  tlown  hUibber.  &e,.  247. 

Benedikt,  beeswax,  .358. 

,,      oils,  chaogeii  occur  ring  donfigt 

,,        density   of   glycerol    solu- 

125,  129.                                      1 

1^^^                              tion,  517. 

#,      points,  acetic  acid  serici^  ^ 

j^^^L                        hydrometer  scales,  85. 

„       acrylic,  25,  28,  29. 

^^^^H                        iodme  luimbers^  1S3. 

„       alcohols,  14.                      , 

^^^H            „        iodine  number  of  linseed 

„          »,       pure  tpiglycerides,  11.  ^ 

^^H 

processes,  31.3-318.                   ^1 

^^^^H                       phosphorus  in  oils,  124. 

Bone  fat  (bone  t^'en^se,  bone  oil),  ^*  ^H 

^^^^K                       total  acid  numbers,  160. 

8>i-91,i60,18M84,2fl8.39a  H 

^^^^^^                useof  acetylationtest,  129, 

„     adulteration     of  tallow   £»(  ^H 

^^^^K 

with,  355,                          '  H 

H^ 1 lb ^^H 
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BoDe  fat,  extraction  of,  from  bones, 
251254. 
, ,     removal  of  calcin  m  phosphate, 
Ac,  contained  in,  256t 
Bone  tar  (bone  oil,  Dippel's  oil),  2,  5. 
Bomeol,  15. 
Borith,  449. 
Bosch — see  Margarine. 
Bottlenose  whale— Me  Oil  (Doegling). 
Bran  from  cotton  seeds,  3M- 
Brandy  fnsel  oils,  14. 
Brassica  (rape,  colza),  varions  species 

of,  348. 
Braun  and  Liebreich,  lanolin,  338. 
Brez,  tie,  moulded  candles  invented 
by,  363,  395.  j 

Brine — see  Salting  out. 
Brink,  caoatchonc  in  lubricating  oils,  , 
323.  ; 

Brin's  Oxygen  Co.,  oil  boiling  process, 

3^1. 
Bromine  absorption,  26,  176-179. 
„        reaction,    forming   propiolic 
acids,  31,  32,  45. 
Bromo  substitution  derivatives — see  ' 

Substitution. 
Bmijn,   de,  and  von  Leent,  oleore- 

fractometer,  51-53. 
Bnccia  (olive  marc),  343. 
Bnisine,  beeswax,  269,  338.  ', 

Burstyn*8  method,  118. 
Butter,  animal,  174,  298. 

„  „         (ewes',   goats',  por- . 

Ibises'),   Reicnert ! 
number  of,  174. 
„        cow's,  adulteration  of,  310. 
fat  of,  3,  9,  299. 
„  acids    obtainable 
from,  20, 25, 70. 
,,  Hehner   number, 

166,  310. 
,,  iodine      number, 

18MS4,  310. 
„  melting  point,  67- 

70. 
,,  refractive  power, 

51-53. 
„  Reichert  number, 

174,  310. 
,,  saponification 
equivalent,  160, 
310. 
,,  solubility,  54-56. 
„  specific    gravity, 
KS92. 
,  quality  of,  303. 
salt  contained  in,  123. 
sweetening    rancid,    by 
washingwith  water,  261. 


Butter,  cow's,  water  contained  m.  IS. 
„      general  ns^ture  of.  I. 
„      mineral  •antimocy.  tin).  1. 
„      vegetable  vegetable  fat,  veget- 
able t^Uow  .  t!,  6, 47. 
„     class.  2^2.  >^. 
Butters,  vegetable,  expreesioo  clesBCS 
f njm — Mt  OlctDea. 
?„  „     les-^er  known,  2Si5-2KL 

Butters,  vegetable — 

Andiroba  fat — •*<  CHI  •carua). 
Baa^ia    fat  dllipe  butter,  ilakw« 
butter.  21,  56,  67,  !»7,  241,  243, 
295,  36.^ 
Bay  berry    fat— !««  ia/ra  Laard 

butter.' 
Borneo   tallow    >  Malayan    taSov, 

Fever  nut  butter),  342,  2Si6l 
Butter  nut  fat.  297. 
Cacao  butter,  21,  241.  296. 

„  cLemical  propcrbca. 

leO.  174.  151-lM. 
phvHcal  pro^^nieii, 
55.  .%.  €7-70.  «f7, 
«».91. 
.,  tbeobromic  acid  3U 

21    22L 
Carapa  fat — »i*  •l»ii  'Car»pa- 
Chinese  (Stil^ngia    raZ^iw.  21,  71^ 
295.  35X 
„  „     extrfccxy*  lay  Wt 

WU«r       pTMSH, 

3*1. 
..     yieli  oL  342. 

Chequxto  b^rtter.  297. 

Coocnln«  indirii  fai,  25*7- 

Coker  butter — #^?  Cnl   cr.-kftTXjrs  . 

Copra  better —     ., 

Conntou  bnr>T — **<  Oil    w^eblxi. 

Dika  fat.  2.  2i>.  2tJ.  2&'- 

Fever  n-t  b-t^tr — •??  npr^  h^xmx: 

t  Allow. 
FulwaL  ratter  I^iia:^  trsnep-  2iS, 

285. 
Galam   butt«r — tee   x^fr%     tmsa 

btttt«r  . 
GoabutVtr'Kok::rsf»t  3lai?«B«» 

oU,-6S.  24i2« 
Illipe  b=tt*T— •«  rtr-ra  xSMBa  li^ 
Indian  .Fulwa.  -/rr-w— «*  «^^*« 

Fulwah  butt^". 
Karanja    butter.    K-jrxj*    'tfca^ 

(Pon^  'r>utt*r,  Frtii*  «!,  Fvaa*: 

«1..  242.  2W. 
Kokx:m  fa*. — (»^  f^r^t  ^<*  twrBS^r. 
LauTtI  >AitV:r  La--.-*rlo_.  xiicj--^r?T 

fat.  20.  >i.<*?-  l-;-i-4-  "iAX.^S^ 
Maca>  y^^\*^.  243.  2/7 
Mafora  tal^v-  2ft3.  2S^ 
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^^M          Btttten^  vegetable —                              1 

Cake,  sepAmtktti-«ee  Sepmtioo  cake.         1 

^^H              Mahws  butter  —  Me  tmpra  Bacsia 

Cakes,  tiiMeed.  Jka-Mr  Oilcakes.                1 

H 

„      moulded.  221 -223w                              1 

^^H              Malttyan  tallow— «ee  9Uf^ra  Borneo  ! 

Calciiun   chloride,  use  of,  in  greaae          I 
recovery,  271.                       ^HI 

^H             MftlaUr  (Piney)  toUow,  70,  160, 

salphjite,  formed  in  d«oom«  ^^H 

^H                            '?'^<'    363. 

pofiitiou  of  rock,  366^.           ^^1 

^m            ^1                  tt«ni,  mi 

Cftlcnlatiotia,  compofii  ticm  of  mixttire^        1 

^^1             Ku               n«r— Mf  Oil  (nutmegV 

17*2                       1 

^H              Ochuco  fat,  297. 

„                   ♦,       of  rock,  372.            1 

^K             OcuU  f^fct,  295. 

„                  ,.      of  »epa ration        J 

^^^K       Otoba  fat  (Otoba  wax),  243,  295. 

cake,  kc,  378.  ^M 

^^^H       Palm  butter— 9<^e  Oil  (palm). 

„           re«pectlxig  alkaline  leys  ^H 

^^^^^       Palm  kernel  (Palm  nut  J  biittcr— «f€ 

and    Gompofiition    of  ^^ 

^V                  Oil  (palm  kemelj. 

Boaps,    421  426,   454-         1 

^H               Para  butter  (Afl»ai  oil),  207. 

45e.  464-*6a                        1 

^H              Pckea  butter  (Piquia  fat)— «ee  Oil 

Cambac^res,  braided  wicks,  394.          ^H 

^^1                    (piqaia). 

Camphor,  acid«  from,  25,  32.                ^H| 

^H               Perftea  fat— *ee  Oil  (alligator  pear). 

,,       analogues,  3,  6.                              4 

^^M               Phiilwara  ftkt^xte  Fnlwah  butter. 

,,       Bonieo,  15.                                       1 

^H               Pichurim  bean  fat,  20. 

,»       EodJum,  oxidation  of,  25.              1 

^H               Piuey  tallow— »e«   MUpm  Malabar 

Camp,  moulding  wheel,  398.                         J 
Candle  polishing,  "105.                               ^J 

^H                  Ullow* 

^H               Fotiga  butter— ^e  $upra  K&rauja 

Candle  Btearme,  1 10.  2.'U),  393.             ^B 

^H                   butter. 

„          „       breaking  grain  of,36S,  ^H 

^H               Poona  ftit— JK-r  Oil  (calabar  bcaD). 

397, 4iH.                         1 

^H              Uftmbutan  tallow,  290. 

„         „      cryRtalHsing  — je«        J 

^^H               Sawarri  (Souari)  nut  butter,  297. 

Separation  cake.     ^^M 
mtitiufacturc,364'3S&  ^H 

^H               Shea  (Galani)  butter,  2,  21,  70.  71. 

^H                   100,  242,  2^3. 

„  autoclave     linM^^^f 

^H               Sierra  Leone  butter,  244,  296. 

process,       304^  ^H 
373376.               ^M 

^H              Soatjberry  butter  (Soap  tree  fat), , 

^B                   244,  297. 

,,           ,,              „  convention  of  red         Tj 

^H               SoucUu  butter,  297. 

oils  into  stear-        J 

^^m              Stiilingia  taUow— «««  ^pra  Cbineee 

iueJ42.3S6  3S8.^^^ 

^H                    taitow. 

,,cold    pretaing  — ^H 

^H               Tacamahao    fat — 9ce   Oil   (calabar 

*f(  Cold  press.    ^^1 

^H                   beiiD). 

„  hot     pressings  ^H 

^M              Tauffkallak  fat,  244,  297. 
^H               Ucuba  fat  (Ucuba  wax,  295. 

tee  Hot  pre».     ^H 

,,           ,»             „  hydrolysis  by         1 

^H                V  irula  fat,  OS,  295. 

water  under  in-         J 

^H                Vcppam  iai—MCf  Oil  (zedrach). 

created      pres*  ^^1 

^H            Butterinc  (butter  Bubstitutes;  arti- 

Bure,  365,  3S5k^^H 

^^M               ttcial  butter)^«^e  Margarine. 

^H           Butyrin    (biityric     triglyceride),    9, 

„           „             „  open     ])an    lime        J 

^^^^ 

process,  364^370t  ^J 

^^^^B                   not  contained  in  butter,  9. 

„  rock  Oinie  soaps)' ^H 

360,  :{7 1-374.      ^M 

^^^ 

,,          ,1             It  anlphuric      add 

prwetses,    3<)6, 

^H           Cabej^ok  palm  oil— «f«  Oil(arecaiiut). 

3*0.385. 

^^M           Cocao  butter— ««(!  Butters,  vegetable 

„           IP             „  wnBaponified  fat, 

^^H                (Cacao  butter), 

&c,  —  nee     Un- 

^^B            Cadmium  Baits, «^eiiirefiningoil8,2C3. 

saponified. 

^^1           Cailk'tet,  bromine  reaction,  177. 

„           if             ..  yield,  36S,  .370* 

^H                    „        soap  ivuulysifl,  507,  50S. 

374. 

^H            Cuke,  cold  prew— *?e  Cold  press  cake. 

„          „  mixed  fatty  acids  — see 

^^1               ,,     filter- A<e  Filter  cake. 

Acids,  fatty,  mixtures 

^H               M     hot  presB^^ee  Hot  press  cake. 

of;  Welting  points, 

J 
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Bone  fit,  extraction  of,  from  bones, 

,,     removal  of  calchimphofiphate, 
&a»  contained  id,  250- 
Bone  tftr  (bone  oil.  Dippers  oil},  2,  5. 
Borneol,  15, 
Barith,  449. 
Bosch— ««e  Margarine. 
BottlenoBe  whale— /r€c  Oil  (Doegling), 
Bran  fmm  cotton  seeds,  304. 
Brandy  fusel  oils,  14. 
Bratsica  (rupe,  colza),  various  species 

of,  348. 
Braun  and  Liebreich,  lanolin,  338. 
Ercz,  de,  moulded  candles  invented 

by,  363,  395. 
Brine— 3W  8alting  out. 
Briok,  caoutchouc  in  lubricating  oiLi, 

323. 
Brin'a  Oxygen  Co.,  oil  boiling  prooeBB, 

32L 
Bromine  absorption,  26,  176-179. 
»,        reaction,    forming   propiolic 
acids,  31,  32,  4'5. 
Bromo  subetitution   derivativeB — tee 

SubstitntioD. 
Bniijn,   de,  and  von  Leent,  oleore^ 

fractometer,  51<53. 
Buecia  (olive  marc),  343. 
Btiisine,  beeswax,  269,  358. 
Bnrstyn^s  method,  118. 
Batter,  animal,  174,  298. 

„  „         (ewes',   goata*,  por- 

jioises'),   Reicnert 
nutiiber  of,  174. 
„        cowX  adulteration  of,  310. 
,,  „       ftttof,  3,  0,  2J)9. 

i,  „  ,,  acids    obtAinable 

from,  20,  25,  70. 
„  ,,  ,,  Hehoer   number, 

166,  310. 
„  „  ,,  iodine      number, 

181- 1S4,  310. 
,,  ,,  „  melting  fioint,  67- 

70. 
„  „  ,,  refractive  power, 

5L53. 
,,  „  ,»  Rei  chert  nnmbcr, 

174,  310. 

„  „  ,,  saponification 

equivalent,  16U, 

310. 

I,  „  ,,  solubility,   54-56. 

M  »»  .1  Bpecific    gravity, 

8892. 
„  „  quality  of,  303, 

fi  f,  salt  contained  in,  123. 

M  M  aweetening    rancid,    by 

washing  with  water,  261. 


Butter,  cow's,  water  contained  in,  122. 
,,      general  nature  of,  L 
,,      mineral  {antimony,  tin),  1. 
, ,      vegetable  ( vegetable  fat,  veget- 
able tallow),  2,  6, 47. 
„  „     class,  282,  21*5. 

Butters,  vegetable,  expression  oleines 
from — see  Oleines. 
f,,  ,,     lesser  known,  295-298. 

Butters,  vegetable^ 

Andiroba  fat — nee  Oil  (carapa). 
Bassia    fat  (lUipfe  butter,  ilnhwa 
butter),  2U  50,  67,  87,  241,  243, 
295,  363. 
Bay  berry    fat — see  infra  Laurel 

butter, 
Borneo    tallow    (Malayan    tallow. 

Fever  nut  butter),  242,  2^6. 
Butter  nut  fat.  297. 
Cacao  butter,  2 1 ,  24 1 ,  295. 

,,  chemical  properties, 

160,  174,  I81-IS4. 
,,  pbvsical   proiJerties, 

55,  56,  67  70,  87, 
88,91. 
,,  theobromic  acid  in, 

21,  22. 
Carapa  fat— *£»•  Oil  (carapa). 
Chinese  (Stilliugia)  UUow,  21,  70, 
295,  363. 
,,  ,,     extraction  by  hot 

water     procesa, 
201, 
„     yield  of,  242. 
Chequito  butter,  297. 
Cocculu«  indicufl  fat,  297. 
Coker  butt<^r— «^*  Oil  (cokemut). 
Copra  butter—     ,,  ,, 

Coumoo  bntter^««  Oil  (conmu), 
Wka  fat,  2,20,2*2,  29:.. 
Fever  out  butter— «^?  supra  Borneo 

tiUow, 
Fnlvvah  i>utter  (Indian  butter),  242» 

295, 
Gaiam  butter— <ee  fi|/ra  (Shea 

butter). 
G  oa  bu  tte  r  ( Kok  urn  fat,  Mangoeteen 

oil),  08,  2*2,  296 
Illipe  butter— *«  supra  Basaia  fat, 
Imlian  (Fulwa)  butter — see  tnipra 

Fulwah  butter. 
Kamnja    butter,     Korinjo    butter 
(FVuigi*  butter,  Ponga  oil,  Poondi 
oil),  242,  296. 
Kokum  fat — s^e  supra  Ooa  butter. 
Laurel  butter  (Laurel  oil.  Bay  berry 
fat),  20,  m,  08,  181  - 1 84,  243,  296. 
MacAJa  butter,  2-13,  2n7. 
Mafura  Ullow,  243,  296. 
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CombuBtioii,  ^lestruction  of  noxious  I 
smells  by,  247,  250.  | 

Compoaitti  cjinilie^ — ^c«  Candlei. 
Compoaitiou  of  mixtures,  calculation  \ 

•  of,  172.  I 

^,  soaps  by  analyaii— wc  | 

Soupa,  commercial.   I 
„  Boaps,  calculated — tee  I 

Calculations. 
Compound  ethers,  3,  4,  13. 

,,  „       saponiJication  eqt]i- 

^vftlentof,  158. 
,,  „       syntlieaifl  tff,  13,  IT. 

CondeoBed  ricinol^ic  acids — see  Foly- 

n)eris«d. 
CongeaLing   temperatures— a^e  Melt- 

ing  points. 
Coiuistency  o£  elaidin  formed— ««« 
^^  Elaidin  ;    aho  Classification 

^B  acciinling    to    chemical   na- 

H  ture,  &c.,  pp.  2S1-3U0. 

^V       „       of  oLlSf  dLc.«  47« 
^H       ,,       tester,  Legler's^  1S9. 
^B Cooling  pans  (candle  atearine),  366. 
^■.Coppiir  and  Ditric  acid  test,  137,  139. 
^m       ,,     com pou ads  as  driers,  314. 
^1        ,,     contained  iu  glycerine,  515. 

■  „  inoib,  12M24. 
^M       ,t     soaps,  use  of,  in  relining,  203. 
^H.       „     sulphate,  use  of,  In  reiiuint^, 

■  256.  263. 

■  , ,    t€st  for  drying  oi  Is  ( li  li  bl ),  1 33. 
'  ,1    test  for  sugar  in  soaps,  505. 

Coppers  for  soap  boiling — set!  Kettles. 
Cdprfth  {oojpra),  crashing  and  grind- 
ing appliAuces,  219-22 1  r  224. 
I  Correct  loa  for  an  hydro  derivatives, 
170. 
„  ,,  errors  of   hydrostatic 

.  balance  and   hydro- 

meter, 82-84. 
r  ,,  ^»  free  fatty  acids,  &:c., 

170. 
,p  »,  impurities      ( al  kalis - 

ity},  419. 
,p  ,,  temperature    (specific 

^avityl,  79. 
CocTCMiim  of  bearings,  &c. — 3ff  Acids, 
^  free  fatty  (detrimental 

)  efl'ecttj   of),  and  Acids 

(mineral). 
,,        ,,  irou  by  fatty  acids,  277. 
Cosmetics,  oils  used  in  preparation 

of,  302, 
Cottonseed,  decortication  of,  224, 
^L         »,      stearins — tree  Steartne  (cotton- 

■  seed}. 
^^         „       utilisation  of  a  ton  of,  304. 

Cowles,  candle  moulding  machines,  1 04 


Crack  lings,  24G. 

Cramp  too,  exjianston  of  oils,  93. 

Creosote  oils,  2,  451, 

Cresol,  6,  16. 

Cressonnj feres',  A.  and  E.  des,  drymg 

8oa|),  447. 
Crocodile  fat,  290. 
Cross  and  Bevan,  melting  point  de- 

terminatioD,  G-L 
Crotonol,  288. 
Cruciferous   plants,  sulphurised  oils 

from,  rJ3,  154, 
Crushiiig  rolls,  215.  218-220. 
Cnitehing  (soap),  43S-440 
Cryiitallisatiou,  fractional,  separation 
by.  112. 
,,  from  Bolvents,  23. 

,»         of  aeparation   cake  ^  see 
Separation  cake. 
Crystallising  pans  (stearine),  367. 
Culinary  uses  of  oils  and   fats — see 

Oils  (cooking). 
Cupreol,  16. 

Curbs,  432,  433,  453,  469. 
Curd  soap— *ee  Soapmaking, 
Curriers'  grease,  326. 


Dalh!an\s  process  (tallow,  &c.K  74. 
D^Arcet's  tjulphuric  acid  process,  249. 
Decbiui,  pharmaceutical  soaps,  510* 
Decolor  ismg  of  oils — see  Oils,  bleach - 

iui^  of. 
Di'Composin»T  pan,  stearine,  365. 
decortication  of  seeds,  Jtc. ,  223-225, 
»,  ,,  Dudley  and  Perry*! 

chemical  process, 
225. 
Deering,  free  acids  in  rancid  tallow, 

355. 
D&graa,  3.36. 

Degrees  (alkalies),  English,  Freuoh, 
and  German,  420,  421. 
,,         Burstyn's,  119. 
,,         Centigrade,  Reaumur,  Fah- 
renheit, 58. 
Dehydration,  formation  of  Isoleie  acid 
by,  29. 
,,  of  oxy stearic  acids,  29, 

39,  42,  46. 
,,  of  riciuoloic  acid,  36- 

Bett2,  extraction  app;iratus,  235. 
Betphiuum  phocKiia,  20. 
Density—  tee  Specific  gravity. 
Deodorising  cokernut  oil,  261,  310, 
,,        soaps,  Ac,  2ti7 — itee  Ran* 
cid ;  Noxious  vapours. 
Descroizilles,  degrees  (alkali),  420. 
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Destruction   of  noxious  vaponn   by 

combiistioD^  247,  250. 
Destructive  lUstillAtioB — *et  DistiUa- 

tioa. 
Detor  mi  nation  of  fat  in  Beedj^  kc. — 

atf  Yield, 
Detrimental  eflects  of  froc  fiitty  acidf 

— Me  A  cilia  (free  fatty  y, 
DetrimeDtal  ctfecta  of  free   miscraJ 

acids— ^ee  Acids  (tnineral). 
Diagometer,  53,  347. 
Diallyl,  oxidised  to  &q  erythrol,  44. 
Dibromcatnpbor,  32. 
Dibromides   of  acids,  Ac,  27,  29-31, 

41,  43,  44,  176, 
Dibromo    aub-^titutiou   derivatives— 

set  Substitution. 
Bichlorides  of  acids,  &c,  26,  29,  31, 
Dicliloro   substitution   derivatives — 

*ee  StiWtitution. 
Dichfomalif,     bleaching     with  —  fc« 

liicbromate. 
Diet!   and     Keforniatsky,    rioitioleic 

acid,  40. 
Dieruciit,  1  L 

Dieterich,  iodine  nuiuWr  of  liuseed 
fdl,  350. 
, ,     specif!  c  y  rn  v i ty  of  f at« ,  8 S,  355 . 
Digester,  for  extracting  bone  fat,  252. 
„        Wilson'^,  for  rendering  tal- 
low, Ac,  250. 
DiglyceHdes,  \\\,  4(j8. 

,,         font  led    by  action   of  ami* 

pharic  acid,  144- 147. 
,,         synthesis  of,  11, 
Diglycerol,  8. 

Diiodidea  of  acids,  Ac,  2l>.  170- ISO, 
Diiodo   substitution  derivativei — *ec 

Subatitiilion. 
Dikafat — «ec  Butters  (vegetable). 
Dituiuution    in    ck-nsity   with   rising 

temperature,  02-94. 
Bip|)ers  oil,  2. 
Dincinolein     sulphuric     anhydride, 

147. 
Dismtegratiog  maebinfja.  224, 
DisBolveil  lii]|iuntics,  256, 
Db  team  tea,  2:i. 
Distearin,  468, 

DistillatJon  acetyl  number,  108. 
»,     destructive,  2,  3,  5. 
,,     Hey I's  apparatus,  234. 
,,     of  carbon  disulphide  solutions, 

234  23!),  254,  3:J0. 
„     of  castor  oil,  20,  2o,  40. 
,,     of  dioxystearic  acid,  42,  46, 
f>     of  glycerine,  513-516. 
, ,     of  o  xy 8 tear i  c  acid ,  25 . 
„     of  ricinoleic  acid,  36,  40. 


Distillation    of    spiiit    (tranaparent 
soap),  446. 
„     of    turpentine    spirit    (Mc 

ecke's  ro^in  soap),  473* 
,,     under     diuitniflhed    pressare^J 
14.    20,   21,  23,   28,  29,  34^1 
36,  40,  41.  U3. 
,^     nnder    diminisbed    preasure ; 

technical  processes,  383. 
,,     with  superheated  steaoj,  110, 
113.262,271,277,278,  337,' 
513,  514. 
„     with  Bup<?rheated  steam,  plant 

u^ed  for,  382-386. 
„     Witbwetateam,22,  II2,173-17«1 
—»er.  oIao  K^icbei  t  »  teat. 
Distilled  greaae  ( Vorkaliire),  277. 

,,    otcincs — Kf^  Oleines  (di^^ tilled)* 
Dog  inU  2MK 

Dogbish  li  ver.extractionof  oil  f  ron],247« 
Driigon  s  blood,  19. 
Driers,  129,  262,  314-317.       --- 
Dripping,  91,  303. 

,^  tallow  adulterated  with,  354^ 
Dry  fusion,  rendering  animal  fats  by, 
246. 
, ,  Bteam — %et  Sto&m. 
Drying  soap,  438,  447. 
Dubbin,  326, 
Dubnuifaut,  sulphuric  acid  prooett^l 

3S0. 
Du'lley  and  l*erry,  chemical  deoorti* 

cation,  225. 
Dui^ong    blubber,   extraction   of   oil 

from,  '247- 
r>unn,  air  bla«t  in  soap  boiling,  433, 
, ,    boil er  ( by d  rated  soaps,  A  c. ),  463. 
DusRauce,  ley  tanks  lined  with  lead^^ 

412 
E>utch  liquid.  26. 
Dyer,  linseed  cake,  214. 
Dyejitnfl>»  for  candles,  405. 


EAiiTHNtrT— «e^  Oil  (arachia). 
Earth wax—iJt'c  Wax  (mineral). 
Edgcruntiers,  215,  218-221. 
Edible  uae»  of  oita  and  fat5,  302-312, 
Efliu burgh  wheel  ,'J91, 
EQoct,    detntnentiil,    of    free    fattj 
acids  — ^<'*^  Acids  (free  fatty)*  ^ 

,,     of  light  on  physical  propertied 
of  oils  — *<•«  Light  (effect  of). 
EfHux  viscosity— *e«  Viscosity , 
Egg,   white  of,   used    in    clarify 

c;iudle  stcarine,  370. 
Elfeococca   vemicia^we   Oil  (EIibo-  ' 

cocca). 
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Elaidin  reaction,  28,  40,  341. 

,,  ,,      methods  of  working, 

137-139. 
,,  ,,      solubility  diminished 

by,  55. 
Klbow  })res8,  202. 
Electrical  conductivity,  53. 

,,       method  (melting  points),  65. 
Elevators,  2-21-225. 
Kllinger,  Danish  butter,  53. 
EUwoikI,  Valenta's  test,  57. 
Enfleurage,  302.  | 

En£:ine    waste,    grease    from  —  see  | 

Grease. 
Englcr,  viscosimoter,  101. 
Englerand  Kiiiikler,  visco8imeter,101. 
English  degrees  (alkali),  420. 
Entozoa  present  in  inferior  margarine, 

SOS. 
Envelopes  (oil  pressing),  217,  221. 
Equivalent  quantities  of   so<la  and 

potash,  425,  42G. 
Error  due  to  neglect  of  expansion,  77, 

78. 
Errors,  tables  of,  construction,  82-84. 
Equivalent,  mean,  of  fatty  acids— ««e 
Acids  (fatty). 
,,  suponiHcation  —  see    Sa- 

ponification equivalent. 
Erucin  (erucic  triglyceride),  11. 
Erythrol,  4. 
Erythrols  from  diallyl  hydrocarlwns 

by  oxidation,  44. 
Eschwe^e  seife,  46 1 . 
Essential  oils— /<6e  Oils  (essential). 
Ester  numl>er  (Kstcrzahl),  162,  195. 
Estrayer  cylinder  (oil  press),  204. 
Ether  as  solvent  for  lead  salts,  112, 
128,     136,     356, 
376,  501. 
„  ,,     oils,  &c?.  55,   119- 

124,     231,     262, 
273,     328,     359, 
495-497.  501-503. 
Ether,    petroleum  —  sre    Petroleum 

ether. 
Ethers,    compound — see    Compound 

ethers. 
Ethyl  acetate,  4. 

„     linolate,  34. 
Ethylene,  action  of  chlorine  on,  26. 

,,         diacetate,  4. 
Eugenol,  194. 
Evaporating  point  (lubricating  oils), 

Evrard,  alkaline    tallow    rendering 

process,  249. 
Examination   of    oils,   &c.,   general 

scheme  for,  124. 


Expansion  of  glass,  77. 

, ,    correction  for,  77,  78. 
oils,  &c.,  Allen's  results, 
92. 
,,         Crampton's  re- 
sults, 93. 
,,         Lohmann*s    re- 
sults, 94. 
,,         Wenzell's  re- 
sults, 93. 

Experinientiil  laboratory  press,  213. 
Expression  in  stages,  212. 
Extraction  of  oils  by  solvents,  ap- 
pliances for,  2:V2-240. 
Extractive     matters,     fermentation^ 
causes  hydrolysis,  10. 


Fahrenheit  scale,  57-59. 
Fahrion,  boiled  oil,  135. 
Fan  (soapboiling),  433,  434,  460,  469. 
Farina  as  adulterant  of  fats,  123—  /^ee 

Starch. 
Fat,  animal,  class,  282,  298. 
,,    nature  of,  1. 

,,    uusaponitied,  determination  of, 
119. 
Fats,  animal,   expression  of  oleines 
from,  299. 
„  ,,         from  birds,  298. 

„  ,,         from  milk  (animal  but- 

ters), 174,  20H-fee 
also  Butter  (cow's). 
,,  ,,         from  rei>tiles,  299. 

,,  ,,         retiiiing  and  bleaching, 

254-268. 
,,  „         renderiui^  of,  245-251. 

,,  ,,         tallow,    lard,    butter 

class,  282,  298. 
,,      vegetable — ner  Butters,   vege- 
table. 
Fatty  acids — see  Acids,  fatty. 

„       matters   in  seeds,   nuts,  &c., 
115,  237-244. 
Fawsitt,  sulphur  chloride  and  oils, 

155. 
Ferrous     sulphate    as     decolorising 
agent,  264, 269. 
,,  ,,  used  in  soap  mot- 

tling, 471. 
Fibre  from  cotton  seeds,  ^4. 
Ficus  gummiHua,  14. 
,,     nibiginosa,  16. 
Field,  Leopold,  candle  nut  oil,  287. 
„         candles,  &c.,  in  the  Ro- 
man period,  363. 
,,        lamp  chimneys,  313. 
„        soaps,  509. 
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Field,  Leopold,  t|icrmiiceti,  360* 

,»        steMine  plant,  369t  382. 
,«         wax  ble&cb  mg,  2&k 
Figging  of  Boft  aiiajK  459. 
Fiumg  (Boap)— «ee  Soapmaking* 
Filmte»t,  133.  351,35*Z 
Filaingcr,  ficmp  Ktialysis,  494. 
Filter  cake  (red  oilei,  376.  377. 
Filtration  of  oils  without  extra  pres- 
sure, 257.  264. 
Filter  presaea^  226-229. 

,,  uae  in  olArifying  ex- 

pressed oils,  228, 
2.>4-257. 
,^  I*     iJ^   purifying  red 

oils,  231.  37a 
Flnkener  on  Dalican'^)  method,  75. 
Firing  point  (ignitiou  j^oitit),  329. 
First  mnnings,  304. 
Fish  livers,  extraction  of  oil  from,  247. 
,,     maaure  from  residues  of  tish  oil 
extractiun,  249. 
Fit  (coarse  or  tine)  of  soap,  471. 
Fitted  soap — «€e  Soapinaking. 
Fixed  oils — see  Oiis  (tixed). 
Flambeau,  312,  362. 
FUuhing  point.  125-128. 

„       of  eoalttir  oils,  &c.,  328. 
,,       of  lubricatmg  oik,  325- 

321*. 
„  „     iuftu  ranee,  325. 

„       of  oleiue  from  Yorkshire 
grease,  279. 
Flavour  of  oils,  Ac,  49. 
Flax  plant,  349. 
Flaxen  wicks,  362, 
Fleeces— Jice  Wool. 
Fletcher,  therm  hydrometer,  SO. 
Floating  soaps,  441. 
Flour  as  adulterant  of  fats,  123— sec 
Starch. 
,,     fa  beeswax,  359, 
Fluorescence,  50. 
Fob  (fitted  soap),  471. 
Foots,  1 15,  25tj,  259,  324, 
, ,       avoid  an  ce  of  f  o  rm  ation  of,  228, 
, ,       distillation  of,  26 1 ,  3S3. 
,,       spermaceti,  201,  360, 
,,       utilisation  of,  261,  324,  408, 
Formultc,  alkaline  degrees,  421. 

„  equivalent     i|aau  titles     of 

soda  ami  potash,  426. 
„  thermometer  dcsprees,  58. 

Foxy  colour  develr^ped,  265,  266,  356. 
Fractional  crystal li nation,  1 12. 
,,  distillation,  113. 

,,  preciiiitation,  112, 

,f  saturation,  112,  113. 

Frames  (soapmaking).  434-437»  444. 


Frederking,  oil  boiling  pan,  316. 
Free  fatty  acids— ««^  Acids,  free  fatty, 
Fr«e  &te  process  of  boiling  oils,  315. 

„       mp  pans.  427. 
Freexing  points — «*€  Melting  pojjita. 
F^iench  degreea  (alkali),  43SK 
Fresenina,  absorption  of  oxygen,  134. 
Friction  coefficient,  MiUs,  107. 

.,  Poiseuillef  197. 

„  Traube,  109. 

Fuel    from    cotton     and    sunflower 

seeds.  304,  305. 
Fnllerm*  earth,  use  in  refining  oils, 
Ac,  S.'WS. 

,,        greaae.  272,  279. 

„  «,       valuation  of.  2S0. 

Foael  oil,  use  in  woolscouring.  337. 
Fusel    oils    (fermentation    oils)- 

Oils  (fu^scl). 
Fusing  point*— s«  Melting  points. 
Fusion  with  alkalies — Me  Hydrogo&wj 


GAi.tPOT  resin,  S8. 
Gay  Luasac,  candle  material,  365. 
degrees  (alkali),  421. 
Geitel,  atearola^tone,  38,  145. 
„     aulpharic  acid  antl  oils,  144^ 
,.      — see  Schepper  and  Geitei 
Gelatin,  removal  of,  from  fish  oils,  Ac, 
250.263. 
,,        use  of,  ILo  remove  colouring 
matters,  Ac,  263w 
GelUtley,   spontaneous   oomh 

132. 
G cranio  aldehyde,  15. 
Geraniol,  15. 
Gerlach,  epecidc  gravity  of  potassimn 
carbonate  tolutioos,  419. 
,,      vapor  imeter       (glycerine 
valuation,  519. 
German  degrees  (alkali),  420. 

,,       aesamd— »ee  Oil,  Camelina. 
„       ioap  process,  449,  472. 
Girard,  aoluDuity  in  alcoiiol,  54* 
Glacial    acetic    acid  test — see    Acid 

(acetic). 
Gladding's    process,    rosin    in   aoap, 

4«5.  601,  502. 
Gloss,  expansion  of— see  Expansioii. 
GLiissner,  nitric  acid  test,  141. 
Glyceridea,  3,  9. 

,,         determination  of,  in  Inb^ 

ricant*,  329. 
,,  hydrolysis    of,   in    tliree 

stsges,  10. 
„         iodine  absorl>ed  by  pur^ 
lt>0. 
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Olycerides,   mixed— «e«    Mixed  gly- 
cerides. 
„  saponification  equivalents 

of  pure,  158. 
„  „   of,  in  three  stages, 

468. 
„  synthesis  of,  11. 

Glycerine,  manufacture  of  (glycerol 
extraction),  513-516. 
,,  analysis  and  detection  of 

impurities,  515. 
, ,         extraction  from  soap  leys, 
451,     468,     469, 
541. 
„  ,,  from  soap  leys,  com- 

position, 514. 
„  ,,  from  sweet  waters, 

513,  514. 
„  loss  in  sulphuric  acid  hy- 

drolysis processes,  381. 
„  production  in  candlemak- 

ing  processes,  311,  366, 
373,  385,  513. 
,,         production  in  soapmaking 
processes,     450,     451, 
466-470. 
„         valuation,  acetyl  process, 

8,  191,  516. 
„  „     bichromate  process, 

8,  516. 
,,  „    David's  process,  522. 

„  „     litharge      „       624. 

„  ,,     Muter  *s      ,,       523. 

„  ,,     oxalic  acid  process, 

8,  519. 
„  i»     by  specific  gravity, 

516,  517. 
M  »f     l>y   tension   of  vap- 

our, 518,  519. 
„         yield  from  ox  fat,  31 1,  312. 
„  „     practical,       from 

various  glycerides, 
521. 
„  ,,     theoretical,  162, 195. 

Glvcerine  soaps — see  Soaps  (8i)ecial 

kinds). 
Glycerines  (commercial  products),  8, 

110,  513. 

Glycerol,  4,  7,  110,  513.  [144. 

„       action  of  sulphuric  acid  on, 

„         „        heaton—«ee  Acrolein. 

„       as     standard     in     viscosi- 

metry,  101. 
„       calculated  yield   from   tri- 
glycerides, 521. 
„       crystallised,  7.  514. 
„       formation  during  examina- 
tion of  oils,  124. 
„         ,,  from  aUylic  alcohol,  44. 


Glycerol,   formation   on   saponifying 
adulterated  beeswax, 
359. 
,,  ft  on  saponifying  adulter- 

ated sperm  oil,  354. 
„  „  on    saponifying    Tur- 

key red  oils,  as  a  test 
33.<. 
,,         physical  properties  of,  7. 
„         qualitative  tests  for,  8,  616. 
„         quantitative — *6«  Glycerine, 
manufacture    of    (valua- 
tion). 
,,         retained    in    cold    process 
soaps,  &C.,    460, 
456466. 
,,  ,,    calculations  respect- 

ing, 464-466. 
Glycol,  4. 

,,      from  Camauba  wax,  6,  18. 
,,        ,,     olefines  by  oxidation,  44. 
Goat's  tallow — sfe  Tallow, 
(jioods,  '* killing;"  of,  in  soapmaking, 
433,  468. 
„     rancid,  deodorising  soap  made 
from,  267. 
Goose  grease,  68,  184,  298,  299. 
Gossage,  method  of   emptying  soap 

pans,  434. 
Graf,  theobromic  acid,  22. 
Grain  spirit  fusel  oils,  14. 
Graining  soap — see  Soapmaking. 
Granulating  presscake — see  Separa- 
tion cake. 
Grape  fusel  oils,  20. 
Grease,  birds,  298. 

„       bone — see  Bone  grease. 
„      curriers',  336. 
„      distilled,  277-««  Distillation. 
„       engine  waste,  236,  279,  324. 
,,      from  hot  pressing— «ee  Hot 

press. 
,,       from  silk  soap  suds,  279. 
„       fullers',  279,  280. 
„      horse,mare's — we  Oils  (horse). 
„      lubricating — see  Lubricants. 
„      recovered,  262,  270-280. 
,,  ,,       used  in  soapmaking, 

450,  453. 
„      recovery  by  Yorkshire  pro- 
cess, 272 — see 
Yorkshire  grease. 
„  „        by  lime  process,  271. 

,,       trade  refuse  (tannery  grease. 

&c.),  299. 
,,  „  used    in     soap- 

making, 409. 
,,      Yorkshire  —  see    Yorkshire 
grease. 
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Greasy  rags,  spontaneous  eombustioD 

of,  m,  i:i3. 
Greaves,  246. 

Green  liquor — #w  Chrome  liquor  re- 
covery. 
Green  oil  (Yorkehire  grease  distiEa- 

tioD),  211. 
Grills  and  ScliroeUer,  liquid  sulphur 

dioitide  as  solvent,  236. 
Griiushnw,  phospbated  soaps^  476< 

, ,    iitil isatiotj  of  cotton  seeds,  304, 
Grittiier  und  Szilazi,  rosio  in  8oap)5Q2. 
Griigeiv  dioxypalmitic  acifl,  44. 
Grouni  mica  (ftiitifriction),  3*24. 
Groiintiniit  — «f«  Aracbia  nuts  and 

Oil  (aracbis). 
Ground  plan  of  16-pre5S  installation, 

210. 
Gum  u tabic,  Bideal»  1 08, 

j^    benzoin,  U>. 
Gumming  of  oils,  129,  322,  325. 

, ,  » ,       priic  ticftl  test  of,  323. 

Gwynne,  Joues,  and  Wilson,  su I pb uric 

acid  process,  liSiK 

H 

Haiikmak,  soda  crystals  in  oil  reiiu- 

ing,  2ijO, 
Hagcnlmcb,  viscosity,  107. 
Hager,  specLKc  gravity  of  fats,  88,  355» 
fiairs^  hair  envelopes,  217,  22 L 
Hand  picking  seeds,  iicccsJiary  to  ob» 

tain  standards,  213,  340,  350. 
Hartley,  acid  retining  process,  259, 
«,        manganese   sulphate   in  re- 
fining, 2tM). 
Hartley  and  Blenkinsop,  patent  re- 

filling  prueess,  263,  2ti4,  315. 
Eimciicorne,  nitric  acid  tcbt,  140. 
Haiisaknecbt,  benoxylic  acid,  45, 
, ,  b  ra*sa I  d  ic  ac i<l,  28, 

Hawes'   boiler  (cold   process  soap), 

457,  463. 
Hastura,  characteristic  oxidation  pro- 
ducts, 128. 
„  ^    oxidation  of  stearolic  acid, 
36  ^  j<fr     Uctiedikt     and 
Hazura ;  Riuertind  Hazura. 
Baxura  and  GruKsner,  glyceridea  in 
linseed     oil,    350, 
351. 
„  M    lioolic  acid,  35. 

p,  „   liiiolic  acid  in  olive 

oil,  344, 
yp  ,,   oxidation  of  drying 

oil  acids,  136. 
,1  ,,      „     of    ricinoleic 

aeid.  40. 


Ua£ura  and  HrUssner,  oxidation 
stearolieacid,  4 
,,  ,,    rule  concerning  o 

dation,  44. 
Head  matter  (whales),  360. 
Heat,     coagulation    of    albuminous 
matter  by.  255,  203. 
„        effect   of,   on    oils — ue    Oils 

(effect  of  beat  on). 
,,        evolution  with  sulphuric  acid 
— *«  Oils  (heat  evolution). 
Hebner,  beeswax,  357,  358. 

, ,        glycerine  val nation,  51 6, 522» J 
„        uumlier,   113,  157,  IG6-170^^ 
11*5,  196,  341, 
Heintz,  melting  point  tables,  71-74. 
HeLl,  hydrogen  method,  13*  121. 
Hempen  wicks,  362. 
Hersee,  soap  pump,  434, 
Hervieux  and  Bedard,  waggon  grease^ J 

327. 

Hess,  Yorkshire  grease  analysis,  270. 
Hexftcetyl  deiivativea.  37» 
HeJtbroniides   of  fatty  acids,   34*37 

176. 
Heyl,  distillation  apparatus,  234. 
Hippopotivmus  grease,  25H1. 

mUk,  298. 
HolTuieister,  ebilling  baths,  67. 
Holde,  improved  tlivihing  point  ap- 
paratus, 127. 
„     iodine    absorption   of    drying 

oils,  184,  351. 
„     oleorefractonieter,  52. 
Holt,  brass ic  acid,  29, 
Homologous  acida,  Be|]a  ration  of,  112, 

113. 
Homologues  of  liuolic  acid  {suppoaed^aJ 

32,  34. 
Honig  and  Spitz,  extraction  appara^^ 

tu»,  120,  239. 
Hoi»e,  scmp  analysis,  494, 498, 499,  SOU. 
Uorse    grea***,    horse    fat  —  ser.    Oil 
IhoMe). 
,,     pi»wer  requisite  in  oil  mill,  215* 
217. 
Hot  Iwvths,  (il-65,  80,  H5  101. 
Hot  air  Vileacbing  prot-csset — S€6  Alt. 
Hot  press,  231,  368. 

cake,  368,  370,  375. 
Hilbl.  beeswax,  358. 

„      iod  i  15  e  lest  —  ^re  Tod  i  nc  number* ' 
,,      nicUiug  points.  71. 
,,     nioditicatioii  of  Ltvactiea  tent, 
133. 
Hijbl  and  Stadler,  rosin  in  aoap,  502. 
Huiles  dVnfer,  344. 

,,       tournantes,  116,  344. 
Hulls  from  cotton  »eed,  304. 


INDEX. 


543 


Hunt,  efflux  viscosity  values,  105. 
„      Valenta's  test,  56,  57. 
„      viscoaimetcr,  101. 
„      Yorkshire  grease,  276-279. 
Hyaena  fat,  21. 

Hydrated  soaps — fice  Soapmakiiig. 
Hydration  of  anhydrides,  &c.,  41-43, 
45. 
„         of  isoleic  acid,  38. 
Hydranlic  filter   press  —  «ee   Filter 
press, 
presses,  207-212,  215-218. 
Hydriodic    acid,    action    on    isoleic 
acid,  30. 
, ,  , ,     action  on  linolic  acid, 

34. 
Hydrocarbons,  2,  3,  5,  54,  90. 

„         detection  in  linseed  oil,  352. 
„  i»     in  olive  oil,  347. 

„  M    iii  rape  oil,  349. 

,,  ,f     in  Turkey  red  oils, 

335. 
„  f»     in    wax    and  sper- 

maceti, 359,  361. 
,,         determination     in     lubri- 
cants, 329. 
,,         insoluble  in  glacial  acetic 

acid,  57. 
,,         mineral,  solid — j^feCersisin, 

Ozokerite. 
„         miscible  with  blown  oils, 

320,  321. 

„         presence    of,    in    distilled 

oleines,  &c.,  120,  258, 

261,274-278,377,378. 

„  „     in    engine     waste 

grease,  279. 
,,        saturated  and  unsaturated, 

3,26. 
„         separation   of,   from    oils, 

119-124. 
„         use  of,  in  manufacture  of 

lubricants,  322-329. 
„         used  as  adulterants,    120, 
121,  335,  347-349,  352. 
Hydrocarotin,  18. 

Hydrochloric    acid,     evolved    from 
burning  wax  tap- 
ers, 267,  365. 
, ,     formed  in  Turkey  red 

oil  making,  331. 
,,     removal  of  lime  salts 
from  bone  fat  by ,  256. 
,,     used    in    grease    re- 
covery, 271. 
,,        ,,   in  Mdge  Mouries 

process,  308. 
,,        M   iu      oleic     acid 
valuation,  376. 


Hydrochloricacid  used  with  bleaching 
powder,  &c.,  in  decolorising  oils, 
&c.,  264-266. 
Hydrogen,  atmosphere  of,  in  cod  liver 
oil  extraction,  248. 
,,  evolved    by    fusion   with 

alkalies,      from 
acrylic  acids,  24. 
,,  ,,  from  alcohols,  13,  121. 

„  „  from  glycols,  18. 

,,  ,,  from    gly collie   acids, 

37. 
,,  nascent,  as  dechlorinising 

agent,  31,  35. 
„  peroxide      as      bleaching 

agent,  264,  339,  359. 
Hydrogenation  of  acids,  20,  26,  32, 
34,  40. 
„  aldehydes,  14,  15. 

Hydrolysis    accompanies    rancidity, 
10,  12,  114,  292. 
,,       but  little  effected  by  light, 

131. 
,,       by  superheated  steam,    10, 

110.  125,  261. 
„       in    autoclaves,      &c.,      373 
— 8*^e    also    Distillation. 
,,       of      condensed       ricinoleic 

acids,  146,  333. 
„       of  oils,  &c.,  7, 10, 12, 114, 116. 
,,       of   soap  solutions,    12,  23, 

4S6-488. 
„       of     soap     solutions,     rate 
diminished    by   presence 
of  alkali,  487. 
,,       of     sulphuric     acid      com- 
pounds, 27,  29,  .331,  333. 
„       of  Turkey  red  oils,  331-333. 
,,       water  taken  up  during,  10, 
275. 
Hydrometer,  77. 

,,  scales,  84-86. 

,,  table    of    errors,    con- 

struction of,  83. 
Hydrostatic  balance,  77-79,  81. 

„  table  of  errors,  construc- 

tion of,  83. 
Hydroxylinolein,  136,  137. 


I 


Iceland  moss  in  lard,  306. 
Ignition  point,  329. 
Iliip^  fat — see  Butters,  vegetable. 
Impurities,   systematic   examination 

for,  124. 
Incipient    melting     and    solidifying 

points — see  Melting  point. 
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lucre  racnt  in  weight  tin  ring  drj'ing  of 

fatty  ttcida.  U3. 
iDcreiuent  ta  weight  during  ilrjing  of 

oils,  133, 
Iniliciitora     in     titration,    420  —  **y 
Pheiiolphthaleiu,  Titrutinn,  Cochi- 
neal, LitmiiH,  Methyl  Strang©, 
lodigo,  used  to  tint  »oft  siuip,  459. 
Inner  anhydrides,  30,  lid. 
Ineolittion,  elfect  of — 3ef!  Light,  effect 

of. 
Iiiaoluhk  ftcid  numher,  168,  195,  341, 
1^         fa  tty  ttci  ds — ce  A  cids,  fatty, 
insoluble* 
Installation  (lO-press),  plan  of,  217* 
Insurance  coin]miiiea  and  lubricating 

oils,  325. 
Iodine  candles*  407. 

,,      number    (iodine    absorption), 

26,  34.  157,176  186,341. 

«,  „      as      test      of      drying 

power,  133* 

,,  ,,      ctrect  of  light  on,  1*^1* 

,,  „      leasens  as  oxygen  taken 

up.  4*2,  129,135,  ISTk 

„  „      of  free  acids,  ISO,  184, 

197,  356. 
„         „     of  ^lyceride  falls  Bhorfe 
ol  that  of  free  fatty 
acid  by  about  4 "5  per 
cent.,  185,  197. 
I,  ,,      of  oils,  detcmiinationa 

of,  18I-I«4,  196. 
lodo     substitution     derivatives^ — »€€ 

Substitution. 
Irish  mosB  (aDtifriction).  328. 
Iron,   caat,    less    corroded  by  fatty 
acids  than  wrought  iron,  277. 
„     salts,  use  in  reiniiug,  263. 
„      soaps^wc  Metallic  soaps, 
Itfocholesterol,  16,  17. 

, ,  and  ethers  i  n  Y orkahire 

grense.  272-276. 
Isoglyceride  theory.  12. 
laomeridesof  dioxyljenic  acid,  28,  29, 
44,  129. 
„  dioxyslcarte  acid,  28,  30, 

4J,  43,  129, 
»,  tinoUc  acid,  32,  35. 

„  of  oleic  acid,  28,  29,  129. 

,,  ojcystearic  acid,  l'9,  3S,39, 

„  oxyBt«aro9ulphuric  acid, 

27,  30,  38. 
„  Hcinoleic  acid,  40,  4L 

,,  trioxYstearic    acid,    40, 

43,  44,  129. 
Isomeriam  of  brasBic  and  erucio  acids, 
28,  29. 
„         stereochemical,  29. 


Jackson,  African  oils,  289. 
Jaijuneue  wax— ««  Wax  (Japanete). 
Jean,  adiiltcrntion  of  butter,  310, 

,,   oleorefractouieter  readings,  51*53, 

t,  thermeleometer,  151, 
Jellifying  of  soap  solutions,  485. 
Johnarin  &  Co.,  niter  presses,  229. 
Juillar<l,  Turkey  red  oils,  147,  330, 

333. 


Kaolin  as  adulterant,  123. 

Kauri  gum  admixed  with  thickened 

oils,  Ac,  142,  318. 
Kog  lard,  300. 
Kerosene,  2,  5. 
Ke tones,  3,  0. 
Kettles  for  Iwuling  drying  oil,  315,31ft. 

„    for  boiling  soap,  free  fired,  426- 
42S. 

,,    for  heating  crushed  seed,  &e.» 
215  221. 

„    heated  by  dry  steam,  247,  428. 

„         ,,      by  wet  steam,  428. 

,,    skimmer  pipe  for,  433. 

,,    square,  433. 

,,    various  older  forma  of,  429-432. 
Kitchen  greaae,  299,  408. 

„  „       deodorising,  265. 

„  ,,       tallow      adulterated 

with,  354. 
Kcettstorfcr's  teat  (Kcrttstorfer  num- 
ber)—*ci:  Total  acid  number. 
Kidney  fat  (ox),  3!  1. 
**  Killing  the  goods,"  433,  46$. 
KnaV/s   superheated   steam   distilla> 

tion  plant,  382. 
Kohn,  qualitative  test  for  glycerol, 

516. 
Krafft,  riejhnolic  acid,  36. 

,,      ricinic  acid,  41. 
Krntft  and  Noerdlinger,  brasaio  and 

elaidic  acids,  2B. 
Kingzt+tt,  glycerine  extraction,  514. 
Kulp  livers,  extraction  of  oil  from, 

247. 


Labour  requisite  in  oil  mill,  215'21S. 
Lacli,  candlennt  oil,  287» 

,,  French  cJLudlestearine  plant,  3d6v 
Lactucerol,  16. 
Lamp  for  carbon  disulphidQ  (djxin* 

f  ecting),  407* 
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Lamps,  312,  313,  362. 
Lanj^oeck,  lanolin  339. 
Langlet,  thermal  ar.tometer,  82. 
Lanolin,  274,  336,  337-339. 
,,       in  soaps,  448. 
,,       manufacture  of,  337. 
,,       sulphurised,  339. 
„       tests  of  quality  of,  339. 
Lant  Carpenter,  lubricating  oils,  325. 
,,  soap  analysis,  510. 

,,  soap  boiling,  470. 

,,  sulphuric  acid   pro- 

cess, 381,  388. 
Lard,  21,164,  299,  303-308. 
,,      adulteration  of,  306,  307. 
„      artiticial,  .307. 
„      damaged,  used  for  soapmaking, 

408. 
„      free  fatty  acids  in,  small  when 

fresh,  307. 
,,      iodine  number  of,  181-184,  307, 

356. 
,,      manufacture  of,  306. 
„      melting  point  of,  68,  306,  307. 
,,      oil — see  Oil  (lard). 
,,      Reichert  number  of,  175. 
,,      saponification    equivalent    of, 

160,  307. 
, ,      solid  suspended  matters  in,  123. 
,,      solubility  of,  56. 
„      apecific  gravity  of,  88-93,  307. 
,,      stearine   (solar  stearine)  —  see 

Stearine  (lard). 
,,      nnsaponifiable  constituents  in, 

&c.,  257,  307. 
„      vegetable,  .305,  310. 
„      water  contained  in,  122,  307. 
Lanrent,  polarimeter,  50. 
Laurie  aldehyde,  14. 
Lanrin,  lauric  triglyceride,  11. 
Lead  acetate,  use  in  boiling  oils,  262, 
314. 
„     contained  in  oils,  121-124,  314. 
, ,     oxide  as  saponifying  agent,  4 10. 
„     oxides  as  driers,  314. 
„     plasters,  410,  485. 
, ,     salts  soluble  in  ether — se^  Ether 

as  solvent. 
„     salts,  nseof,  in  refining,  256, 263. 
,,    test  (Livache's),  133. 
Leather  currying,  leather  grease,  302, 

336,339. 
Leblanc  process  of  alkali  msnofac- 1 
tnre,  410.  \ 

Lecithin,  121,  240,  259. 

,,        determination  of  phospho- 
rus in,  124,  240. 
Leeds,  soap  analysis,  494. 
Leiebre,  oueometer,  79. 


Leffmann  and  Beam,  Reichert  nnmber, 

175. 
Legler,  consistency  tester,  139. 
Lenz,  density  of  glycerol  solution,  517. 
Lepenau,  leptometer,  106. 
Leimer,  bonefat  extraction  apparatus, 

253. 
Lever  presses,  199. 
Lever  and  Scott,  carbon  tetrachloride 

as  solvent,  236. 
Levinstein,  lanolin,  339. 
Lewkowitsch,  acetylation   test  and 
modification  thereof, 
189-191,  198. 
, ,  distillation  under  dim- 

inishc<l  pressure,  383. 
,,  rosin  in  soap,  502-504. 

, ,  Yorkshire  grease,  272. 

„  ,,  „  analysis 

of,  274. 
Leys,  alkalinity  of — see  Alkalinity. 
, ,    calculations  respectingquantity 
and  strength  of— «ee  Calcula- 
tions. 
, ,    causticising — see  Causticising. 
„    spent — *gcSoapmaking,Glycer- 

inc  manufacture. 
„    use   of,    in    soapmaking  —  see 
Soapmaking. 
Liechti  and  Suida,  sulphuric  acid  and 

oils,  144. 
Liebig,  distillation  of  acids,  fractional 

saturation,  112. 
Light  coaltar  oils,  2. 
, ,     petroleum  distillate— «««  Petro- 
leum ether. 
Light,  effect  of,  on  oils — see  Oils,  effect 
of  light  on. 
,,     facilitates  air  bleaching  of  wax, 

268,  269. 
„      polarised  (polariscope),  17,  50, 

347,  352. 
„  ,,  sugar    valuation   in 

soap,  505. 
Limborg  cheese,  20. 
Lime,  use  of,  in  causticising  alkalies 
— see  Causticising. 
„  ,,        making      railway 

grea^te,  327. 
„  „        recoverin;^  grease,  270. 

,,  „        refining  oils,  256,  261. 

,,  ,,        stearine  manufacture, 

365,369. 
Lime  rosin  soap  (railway  grease),  327. 
Lime  soap  (grease  recoveir),  271. 
„         in      candlemaking  —  see 

Candle  stearine. 
„  in  lard,  307. 

„         in  lubricants,  324,327,328. 
35 
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Limpttch,  BteArolic  acid,  36, 

Mansbridge.   analysis   of   Yorkshire 

Linolctim,  302,  ;^18,  319. 

grease,  275,  276. 

Linolic  auhytlride,  125, 

Mantcau  Isabelle  (mottled  soap).  472, 

LinoliD  (linolic  triplvccride),  134, 139. 

Manure  from  fish  oil  extraction  resi- 

Linoiyn, 134,  136:  " 

dues,  249. 

linseed  cake— *€<f  Oilcake 

,,       scraps  from  ox  fat,  311,  312. 

LitiJieed,  aotircca  of,  349. 

,.       sludge  from   suda   and  sud-        '* 

,,        usually  mixed  Turith    hemp- 

cake.  271,272. 

seed,  349. 

Mare's  grease— ^^-e  Oil  (horse). 

Lint,  304. 

Margarin.  ylvceride  of  artiticiad  mar- 

Litiima  as  indicator,  420. 

gar  ic  acid  ,'21,  22,  110,  309. 

Liquid  waxes ^^e  Waxc^. 

Margarine  (Oleomargarine,  Bntterine,  '^^M 

Litharge  aa  drier— ^c**  DHera. 

Artificial    butter,     Dutch  ^^M 

Livftche,   comparfttive  action  of 

butter,  BoRch,  Butter  sub*  ^^M 

driers,  314. 

Btttutcs),  22,  114, 299,  305,  ^M 

Livacbe^a  teat,  L33,  351.  352. 

:>08  312.                                  ^M 

Livcrg,  fish  and  shark,  &c,,  extrao- 

,,    cokeruut  and  palmnut  oik 

tioii  of  oil  from,  '247. 

in,  3ia 

Loading  i«<m\t]—sfe  Soapniitking. 

„     Hehner  number,  166,  310. 

Jjtpwe,  mcltiiii;  points,  ()5. 

,,     iodine  number,  181,  1H4,  310. 

Ijjhmann,  exjumsion,  9.T 

„     manufacture,  240,  247,  30S- 

Lnbricants,  analysis  of,  32«-.'^30. 

312. 

, ,      coat-se,  27 1 ,  280,  rV24, 326-328. 

„     manufucturebyMOgeMouries 

„      corrosion    bv  free  aclda  in, 

process.  .08.                          ^^t 

115,  i><K\:V>'2. 

„     oriizin  of  name,  30^^.                 ^^| 

„      for  hot  rnlUri-s   (pitch  from 

,,     Reichertiiumbcr,r73,l74^3l0.  ^^ 

Yorkshire  grease),  277* 

,^    specific  gravity,  8«,  9L                 1 

„      greases  (cart,  carriage,  wag- 

„    total  acid  number  and  saponi*          1 

gon,  railway  grease,  anti* 

fieation  equivalent,  159,            J 

friction  i^reaat,  &c.),  325- 

„     use  of  oleorefractomcter  in  ^^B 

329.  409,' 

detecting,  53.                        ^^H 

„      materials  nsed  for,  302,  321- 

„     vegetable,  305.                         ^H 

328,  339. 

Marine  &oa|i  -  sff  8oapmaking. 
Maritime  atkalt~^<«  fiarilla. 

»,      use  of  blown  oils  for,  320- 

„      viscosity  of— »rc  Viscosity. 

Marix,  d instillation  under  diminished 

LnbricatioTi,  5,  48. 

pressure.  383. 

Lunge  and  Hurler,  Beannn?  scale,  86. 

Marrow,  21. 

„             1,    specific  gravity  of  al- 

Moaaie, nitric  acid  test,  141. 

kaline  ieys,  416-418. 

Maumene's  test— «c^  Oils  (heat  evoltt* 

Lupeol,  17,  250. 

tion).                                                       ^M 

Meal  as  adulterant,  123.                        ^M 

Mean   e<iuivBlcnt— ^ec   Acids,  lauy»   ^^B 

H 

(mean  eqnivaleut).                                        J 

Meats  from  cotton  seed,  304,                 ^^m 

MlfAUGHT,  pendolnm  machine,  94. 

Mechanical  viscosity  testers,  94,          ^^M 

Mi^Bm  defease  recovery  f,  271,  272. 

M^^e  Motiries  prrK:es8,  ,308v                   ^^M 

Magneuft  m  saponifying  agent,  379. 

Mcmecke^s  process  (rosin  sosp),  473.         1 

410. 

MeUsl,  rieichort  number,  5!*,  174.              M 

y,         calcined,  use  of,  in  refining, 

Melting  points (d                                     ^H 

250,  2til. 

-:  ■ 

Mftgneaium  soaps,  12L 

PMMu.,,             ...a^a 

Mftnganes«   compoonda,   use   of.   as 

series,  20.                        ^^H 

driers,  314,  315. 

.,       acrylic  acid  sened*  25,          ^^f 

. ,             dioxide,  n.se  of,  in  bleich- 

„       alcohols,  14.                                  1 

ing,  268. 

,,      caudle8te«rine,370,375.377.         1 

,,            salts,  use  of,  in  refining, 

,.       cholesterol      and       allied         1 

256,  200  204. 

bodies,  17.                               1 

Mangold,  glycerine  valuation,  521, 

.,      congealing    of   lobdcmatit  _^J 

Mannitol,  5* 

U7,  325.                             ^M 
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Melting   points,    determination    of, 
60-67. 
„       distilled  fatty  acids,  3S4. 
,,       enicic    and    brassic    acid 

derivatives,  29. 
,,      mixed  fatty  acids, 69-76,341. 
.,      oils  and  fats,  &c.,  07-69. 
,,       polyhydroxylated     stearic 

aci<ls,  4.3. 
,,       propiolic  acids,  32. 
,,       synthetic  triglycerides,  11. 
Mercuric  ])roniide,  use  of,  in  Hubl's 
test,  179. 
„         nitrate,  colour  test,  151. 
Mercury  and  nitric  acid  test,  138. 
Merryweather  &  Sons,  improved  dry 

heat  rendering  arrangement,  247. 
Metallic  salts,  used  in  refining  oils, 
262,  263. 
, ,       soaps,  detection  in  olive  oil,  347. 
,,  „     formed  in  paint,  135. 

,,  ,,     in  lubricants,  324,  328. 

,,  „     in  oils,  &c.,  121-124,  315, 

324,  485. 
,,  ,,     in  ordinary  soaps,  410. 

,,  ,,     iron  soap  in  mottling, 472. 

„  „     isolation  of  metallic  con- 

stituent (analysis),328. 
Methyl  esters  (brassic  and  crucic),  29. 
,,       number  (methyl  iodide  test), 

1.j7,  191-194,  190. 
,,       orange  as  indicator,  420,  497, 
507. 
Methylic  ethers,  5. 
Mica  (antifriction),  .324,  328. 
Michaud  Freres,  glycerine  manufac- 
ture, 515. 
Milk  fats,  composition  unlike  that  of 
body  fats,  298. 
„         Reichert  number,  174. 
Milling  machinery  (toilet  soaps),  446- 

448. 
Mills,  viscosity,  107,  108. 

,,     W.,  oil  bleaching,  264. 
Mills  and  Akett,  Mills  and  Snodgrass, 

bromine  absorption,  177. 
Milly,  de,  candle  material,  365. 

„         wicks,  394. 
Mineral  acids,  injurious  effect  of — see 

Acids,  mineral. 
Moellon,  336. 

Moller,  improved  cod  liver  oil  extrac- 
tion process,  248. 
Moinier  and  Bontigny,  candle  stear- 

ine,  369. 
Monoglycerides,  10. 

,,  synthesis  of,  11. 

Morawski  and  Demski,  iodine  absorp- 
tion, 184. 


Morfit,  oleine  soap  process,  453. 
„       steam  series  of  soa])  pans,  432. 
,,       steam  twirl,  428,  429. 
„  ,,    use  in  making  lub- 

ricating  grease,  325. 
,,  ,,    use  in  making  resin- 

ate  of  soda,  453. 
Mortars  (mortuary  candles),  406. 
Mottled  soaps — at^e  Soapmaking. 
Moulding,    Moulding    machine    (oil 

pressing),  215,  221-223. 
Mountain  ash  berries,  32. 
Mucilage   (vegetable   mucus),  deter- 
mination of, 
118-12;^. 
,,  ,,      removal   from 

oils— «c«  Oils 
(clarification). 
MiiUer-Jacobs,    sulphuric    acid   and 

oils,  144. 
Muirhead  and  Alder   Wright,  zino 

chloride  and  oils,  141. 
Mulder,  drying  oils,  134,  136. 
Muntz,  thermal  araeometer,  82. 
Muter,  colour  reactions,  142. 

„       determination  of  oleic  acid, 

376. 
„       olein  tube,  376. 
„       specific  gravities,  88. 
Muter  and  Koningh,   separation   of 

fatty  acids,  307,  356. 
Mutton  tallow— see  Tallow. 
Myricin  (myricylic  palmitate),  4, 358, 

359. 
Myristic  aldehyde,  14. 
Myristin  (myristic  triglyceride),  11, 


N 


Natron,  409,  449. 

Natural  naphtha— A«e  Oils  (mineral). 
Negative  alkalinity,  498,  499. 
Negur  (negre,  nigre,  nigger)  of  fitted 

soaps,  471. 
Neill  &  Sons,  modem  soap  coppers, 
433. 
,,  remelting  pans,  441. 

Neutral  oil  (Yorkshire  grease),  276- 

279. 
Neutralisation  number  of  fatty  acids, 
164, 169. 
„  „    mixed  acids,  calcu- 

lation of  composi- 
tion from,  172. 
Nightlights,  312,  402. 

,,  manufacture  of,  406. 

Niin  fat,  Niin  wax,  302. 
Nitric  acid  test,  139,  153,  294,  341. 
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K«Ctrtnrfcr— M  Total 


KMttmli- 


I 


„      total  aekl— IK  Total  aeidaiun- 

her 
.,      Tola^aciii-^ietVQlAliUMrid 

KuuiM     ia     tcndermg    fiiti    §et 

XoxMNis  aanelk. 
Kvtm^  tmtter-^M«  Oil  (mitnMg). 
yi»toatfitBirtogttberii»ed«BC>«idlev 
XX 

„    yield  of  &t  frooL  Tmnoa»  kinds 


Oakbark  iDfnstoii,  me  of,  la  refining, 

256,363. 
OctyUc  etbcps,  5,  20, 
Odour  of  oil«,  Ac,  49»  ^41. 

j,     r&ncid)  removtil  of — jee  Rm^ 
cid.  Rancidity. 
CEnikntbol    (cenantbic  aldehyde),  nc- 
tion  of  acetic  anhydride  on,25. 
„    formed  by  heating  castor  oil,  40. 
,,    bydro^niscd  to  heptjiic  alco- 
hol, 14. 


CEnaatliol.  oxidiapfl  toheptoicadd,  20. 
OfeL   For  the  specitic  gravity  and  other 
pigfvicai  properties  of  cuub  oil 
wmally,    rith  Chap«,   iv.»  v. 
(pfL  47-100) 
^  For  tlie  ehentii-:il  pmjierties  und 
reaetioiii^  ru/**  Chaps,  ri^  '^v-^ 
▼iii-  <i»p.  1IO'll«8^ 
„   acajou— «e«  Oil  (caabew). 
„  aiiQl,2S8, 
,»  nltigptw    pov     (ftTooado    oil, 

pMW*  fat).  2!I6. 
»»  ibMMMl.  X  l^.  21 1,  eriT.  2S3. 

class,  2S I,  282. 
„         ,.         detection    of    adultera- 
tions, M7, 
„   aaclioTy,  2l>t. 
„  aaeelim.  37. 
„  aaiae,  192,  194. 
,»  apricot  kemeU  9&X 
t,   Ameiieaa  wahiut — #ee  Oil  (hic- 
kory aiit). 
„  aimdiia    (earthniit.    gronndnQt^ 
peanut),    21,     25,    ^1, 
258,283. 
,,        „   adnlteration  of,  347. 
„        „   detection  of,  in  oli%'e  oil 

344. 
„         »,    doobt  a«   to  exiatence  cif 
hypocttie  acid  in,  24, 11 K 
„         ,,    iiatumi  ^'dLnationa  in  cum- 

position  of,  11 L 
„         „    reUtive  pri«  of,  342. 
„        ,,   teit^  for,  in  olire  nil,  344. 
„         „   use    of,  in    soapmaldiif^ 

mt  ^oapmakiQg. 
ft,        *•  lueti  as  lubricant  322. 
„   arcftie  aperm—cee  Oil  (doegliflg). 
„  areeanut,  241, 
Pf   ai^gan,  23S& 
„   asaai  —  M€    Bntters,    vegelabli 

(Para  butter). 
„  avocado,  298. 

„   bankulnnt — f€€  Oil  (oaadle  nal)» 
,,   beechnut  il^eecbmast)  241,  2S3. 
„   belladonna  scetU,  241. 
„   ben  (bebcn),  21,  25,  241.  2S3. 
,,    „  detection  of  adolt€ruliona,34T. 
,,    t«  T  Oil  (seaatnt*). 

„   Im  -»(«  Oil  (oolocyntii). 

„  bu.........  jjx 

„    bladderaut,  2S8. 

„  boma  nut,  28S. 

t,   bone — wet  Bone  fat. 

„   bottlenose  whale — aee  Oil  (dot^ 

Un^). 
,,   braxil  nut  (caatanba  nut),  Ml, 

242,  28», 
,»    breadnut,  2$9. 
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Oil,  cabbage,  115. 
,,   calabar  bean   (poon  seed,  dilo, 
domba,   pinnay,   tamanu  oil ; 
poona  fat,  tacamahac  fat),  241, 
291,296. 
„   camclina  (German  sesam^,  gold 
of  pleasure),  241, 
286. 
,,  ,,  ,,  tests  for  sulphur  in, 

123. 
,,  ,,  ,,  use  in  soapmaking 

—see  Soapmaking. 
„   canary— «€«  Oil  (Java  nut). 
„   candle  nut  (bankulnut,  kekunc), 

2^1,  287. 
„   carapa  nut  (crabwood  nut  oil, 
touloucoona    oil,    coundi    oil, 
andiroba  fat),  242,  296. 
,,   caryocar,  297. 
„   cashew  (acajou),  241,  289. 
„   cassia,  19. 

,,   castanha — nee  Oil  (brazil  nut). 
„   castor,  14,  20,  25,  4.3,  241,  285. 
,,       ,,   action  of  sulphuric  acid — 
tfee  Oils  (Turkey  red). 
,,       „       „    zinc  chloride  on,  141. 
„        „    blown,  ;H21. 
„       „   class,  281,  284. 
„       „   effect  of  exposure  to  air,  136. 
,,       ,,       ,,        heat  on,  40. 
„       „   extraction    by    hot    water 

]  process,  2(X). 
,,       „   relative  price  of,  342. 
,,       ,,   soAip—see  Soapmakinsj. 
„       „   soluble,  188,  321— »ce  Oils 

(Turkey  red). 
„       „    ase  in  soapmaking,  408. 
,,   centaury,  242. 
„   chamomile,  14,  25. 
„   charlock,  241. 
„   chaulmoogra,  20,  242,  297. 
„   cherry  kernel,  28.3. 
,,   Chinese  cabbage,  284,  348. 
„   chironji,  242,  289. 
„   cinnamon,  19. 
„   cloves,  194. 
„   cod  (lubricathig),  330. 
„   codti8handcodliver,257,258,294. 
,,  ,,  ,,   extraction  of ,  247, 

.     248.  ^ 
„  ,,  ,,   extraction  of,  ex- 

clusion of  air  dur- 
ing, 248. 
„  ,,  „    relative  price   of, 

342  —  see    Oils 
(liver,  tish  liver). 
„  ,,  ,,   used  for  soapmak- 

ing— we  Soapmaking. 
„  cokemut,  20,  241,  257,  258,  295. 


Oil,  cokemut,  deodorisingrancid,261, 
310. 
,,  „         separation     of     coker 

stearine    from,    231, 
305  —  see    Stearine 
(cokemut). 
,,  „        spelling  of,  3. 

,,  „        use  in  soapmaking — ftee 

Soapmaking. 
„   colocynth  (bitter  apple,  241,  288. 
,,   colza  (cole,  cole  seed,  kohlsaat), 

348— j»ee  Oil  (rai)e). 
,,   combo  nut,  242. 
,,    coi>ra(coprah)-acg  Oil  (cokemut). 
,,    com  poppy,  242. 
„   cotton  seed,  241,  257,  258,  286. 
, ,  , ,  absorption  of  oxygen 

by,  330. 

,,  ,,  action  of  sulphuric 

cacid  on — see    Oils 

(Turkey  red). 

,,  ,,  adulteration  of,  347. 

,,  ,,  adulteration  of  lard 

with,  306-308. 
, ,  , ,  as  lubricant, 322,.325. 

,,  „  Becchi's  test    for — 

see  Becchi's  test. 
,,  ,,  blown,  319. 

„  ,,  clarifying  and  refin- 

ing, 255-263. 
„  „  class,  281,  286. 

„  ,,  refined,  use  as  edible 

and  cooking  oil,  and 
a.s  adulterant  of  sa- 
lad oils,  267,  304. 
,,  ,,         relative  price  of,  342. 

„  „         use  in  soapmaking^^ 

s^e  Soapmaking. 
,,  ,,        utilisation  of  a  ton  of 

cotton  seeds,  304. 
„   coumu  nut  (coumu  butter),  289^ 

297. 
„   cow  parsnep  (heracleum ),  5, 14, 20. 
„   crabwood  nut -8^e  Oil  (carapa  nut). 
,,   cress  seed,  241,  286. 
„   croton,  20,  25,  287. 
,,   curcas  (purqueira,  purgir,  jatro- 

pha),  20,  285. 
,,   datura  (strammonium  seed),  21 , 

244. 

„   dilo,  20\—see  Oil  (calabar  bean). 

„    doegling  (bottlenose  whale,  arctic 

sperm),  3,  25,258,300,360. 

,,       ,,    doubt    as   to  existence  of 

doeglic  acid  in,  24. 
,,       ,,    relative  price  of,  342. 
„       ,,    yields  spermaceti  of  higher 
melting  point  than  cachelot 
spermaceti,  360. 
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1 

Oil,  dogfish  liver,  247,  294, 

ou. 

horae  (horse   grease,    horee    fat,        1 

,,   tlogwood  berrv,  *28S. 
„   dolphin,  293/;^0l. 

mare'8gfeA-e),286,  299.           1 

>f 

1,     deodonaing,46<'S  x£«!Kaiidd*         1 

„         „        l»ottleiJO»e,  yieldi  sper- 

It 

„     n»e  in  soapmaking,  40H,              J 

maceti,  301. 

>f 

horsefoot.  286,                                 ^^ 

„   domba,    2i>l'-«c    Oil    (coUUr 

*t 

horseche^tnut,  242,  2Sa                ^H 

bean). 

11 

Indian  cress,  242.                            ^^^ 

„   diigong,  247,  293. 

t» 

Japaueuc  wood— jce   Oil   (eliro-        1 

„   earth  nut— j»f<r  Oil  (araclua). 

cocca).                                                  J 

II   *■**£*? — ^^^  Oil  (hen's  egg), 

^,   eEococca  (Japanese  wood,  tung, 

fl 

Japan  tifih,  342.                               ^H 

Jl 

jmtropha — «c«  Oil  fcurcaaj.             ^^M 

wood  oil),  32,  29 h 

»f 

Java  nut,  Java  almond  (oauaty^^H 

„            „         extremely  rapil  drying 

oil),  242,  290.                                 ^H 

cjuiilitiea,  291. 

It 

kekune  -nrf  Oil  (ciindle  nut).        ^^ 

at  oocftlyptiis,  li,  17H. 

t* 

knlp  liver,  247,  294. 

,,           „       medicated  earulles,  407. 

n 

Iftintlaintain  seed,  259. 

,,    enoiiytuiLs— ;trr  Uil  (8i>indleiiUt). 

it 

lalJcmantia  (t:und«chit),  242,  291. 

^ ,   f © ve I- 11  at  — .<e k  Bu t tc ra »  v egt: ta ble 

t» 

lartl,  23l,28(>.  3U7. 

(Borneo  tallow). 

»♦ 

,,     clasa.  2SI,  285. 

,,   fiah.  ckas,  281.  292. 

»> 

ft     relative  tendency  to  gum- 

^,   gamboge  {gumljogc  butter),  242, 

mine,  323. 

29ti. 

it 

,♦     u»e<l  ai4  lubricant,  322, 323. 

,,   garlie,  15. 

♦  t 

laurel  berry —«<f«  Buttery  veget- 

„  gaultheria-**?/!  Oil  twiuter-grccn). 

able  (laurel). 

,,    geranium,  3,  13. 

,, 

lettuce  see<l,  243. 

„    German  aesame— ««c  Oil  (came- 

It 

liudeu  seetl,  243. 

Una). 

11 

ling  liver,  178. 

„   gherkin  Hced,  288. 

»> 

linaee<i,  32-34,  243,  257,  258.  291. 

„    gin^elly — ftr.e  Uil  (isetiatlie). 

f,       actrl  process  for  redniii^ 

,,   gold  of  pleasure— '*ffc  Oil  (carae- 

259. 

liua). 

»i 

,»       adulterations  of,  ,151,352. 

„   gourd    seed— ^fi    Oil  (pumpkiji 

f» 

boiled,  20i,  3i:*-3l«. 

seed). 

tf 

elans,  281,  29<J. 

„   grape  seed,  25,  242,  285. 

M 

,,       film  test,  Livuohe*s  teit| 

„   green  (Yorkshire  greaJie  distilla- 

urn,  351. 

tiotO.  277. 

,, 

„       itniine  niunber,  351  {ie* 

^,   groiuulnyt— '^r<!  Oil  (araehis). 

Iodine  numlwr). 

„    ^undeichit— j^^r  Oil  (iallementia). 

f  1 

„       pure,  only  obtainable  by 

„    hamuiertish,  294, 

handpiukiuLj,  350. 

„   hazelnut.  242,  2H3. 

tf 

relative  price  of,  34^      ^^M 

„   hedge  radish   (hedge  mustard}, 

»t 

II      tendency  to gmniB^^H 

2^4. 

niing,  H2:i.         ^^ 

,,    hcm]i8ecd,  33,  35,  242,  257,  291. 

If 

„        use  as  cooking  nil,  304,           J 

„           1,           detection  of,  in  linseed 

,,         „  in  soft  soapmaking  ^^1 

oil,  352,  353. 

— tee  Soapmaking,  ^^H 

,1          1,          a»cascw>kingoil,.104. 

n 

,,       variotui   glyceridcs  coa-^^H 

„          ,«            ,,  insoftsoapmakin^ 

tftined  in,  .t.O,  351.            % 

— nft  Soap  ma  king, 
o           Tt          usually  mixed  with  Un- 

M 

liver  elaiw,  2^\,  292,  294.                    J 

** 

louar,  294.                                         ^H 

seed  oil,  349,  352. 

it 

uiabo  nuta,  2S9.                               ^^H 

,,    hetd>auc  seed,  242. 

maccassar,  184,  297.                       ^^M 

„    hcn^B  e^g,  121,  298,  299,  408. 

If 

madia,  243,  2Hli.                             ^H 

,,    hepacleuui— jcf^  Oii(cmv[mrsnep). 

»» 

maize,  243,  2m.                             ^H 

„    herring,  294. 

ti 

malahar,  294.                                  ^^B 

,,    hickory  nut  (Aroericini  walnut 

f  1 

xnalaka,  289.                                     ^^H 

od),  242,  289,  291. 

manatee,  21*3.                                     ^^m 

,,    bully  Keed,  242. 

tt 

mango  aeeda,  2S9-                                   1 

,,    horned  poppy— ;iee   Oil  (yellow. 

If 

manioateen— flftf  Butters,  veget-         1 

horn  iHippy). 

able  (goa  butter).                                1 
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Oil,  marffosa~«ee  Oil  (zedrach). 
,,   menhaden  (porgie),  249,  258, 294. 
,,  ,,        relative  price  of,  342. 

„   meni  seed,  289. 
,,   morse,  293. 
„   m'poga  not,  289. 
„   mustard,  15,  21, 25,24.3,234, 348. 
„         , ,  tests  for  sulphur  in,  123. 

„   neat's  foot,  286,  298. 
„  „  as  lubricant,  322, 325. 

„  ,,  relative  price  of,  342. 

,,   nettle  seed,  243. 
,,   neutral  (Yorkshire  grease),  276- 

279. 
„   niger  seed  (ramtil),  243,  286, 408. 
, ,  , ,        relative  price  of,  342. 

„   night  shade  seed,  243. 
„   niko  nut,  289. 

,,   nimb  (neem)— «^€  Oil  (zedrach). 
,,   nut  (walnut),  243,  291. 
,,   nutmeg,  20,  243,  295. 
„   odal,  288. 

„   olive,  243,  257,  258,  283,  322. 
„       ,,    ab3orptionofoxygenby,330. 
„       ,,    action  of  sulphuric  acid  on 

— see  Oils  (Turkey  red). 
,,       ,,   adulterations  of,  344-347. 
,,       ,,    as  lubricant,  326. 
„       „    class,  281,  282. 
,,       ,,    extraction    by    hot    water 

process,  200. 
„       ,,   relative  price  of,  342. 
,,       ,,   relative   tendency  to  gum- 
ming, .323. 
„       ,,    sources  and  production  of, 

342-344. 
,,       ,,   taste  improved  by  presence 

of  free  acids,  1 16. 
,,       ,,   usc<l    for    soapmaking — see 

Soapmaking. 
„     olive  kernel,  243,  343. 
,,       ,,  ,,        extraction  of,  343. 

,,   oolachan,  294. 
„   opochala,  288,  289. 
„    owala,  288,  289. 
,,   palm  (palm  butter),  21,  243,  257, 

295,  ,322. 
,,       ,,    bleaching  processes.  264,265. 
„       ,,     as    candle    material  —  nee 

Candle  stearine. 
,,       ,,     extraction  of,  by  hot  water 

process,  200. 
„       ,,     use    in    soapmaking  —  see 

Soapmaking. 
„   palmkernel(palmnut),20,24.3,295. 
,,  ,,  extraction    by    sol* 

vents,  200. 
„  ,,  use  iu  soapmaking — 

see  Soapmaking. 


on,  pea,  121,  259. 
,,   peach  kernel,  243,  283. 
,,   i>eanut — see  Oil  (arachis). 
„   pelargonium,  20. 
„   pilchard,  161,  294. 
,,   pine — see  Oil  (red  pine). 
„   pinnay,   291 — see   Oil    (calabar 

bean). 
„   piquia  (pekea),  297. 
„   pistachio  nut,  244,  289. 
„   plum  kernel,  283. 
„   poppy  seed,  33,  243,  257,  291. 
, ,  , ,      relative  price  of,  342. 

,,  ,,      use  as  cooking  oil,  304. 

,,  ,,        ,,    in  soft  soapmaking 

— see  Soapmaking. 
,,   porpoise  ( Del phin us  phocffinaoil), 

247,  293. 
„         ,,        contains  valerin,  301. 
,,   ponga  —  see   Butters,   vegetable 

(karanja  butter). 
, ,   poon  seed — see  Oil  (calabar  bean). 
,,   poondi— «?fi   Butters,  vegetable 

(karanja  butter). 
,,   porgie— .<t«?c  Oil  (menhaden). 
„   pumpkin  seed  (gourd  seed),  243, 

288. 
,,   purgir  nut  (purqueira,  jatropha, 

curcas) — see  Oil  (curcas). 
,,   radish  seed,  244. 
„   ramtil  — «ec  Oil  (niger  seed). 
,,    ray  liver,  294. 
„   rape  (colza),  21,  25,  49,  257-259, 

284,  31.3,  322. 
,,      ,,    absorptionofoxy]:i^nby,330. 
,,      ,,     adulteration  of,  .349. 
„      ,,     as    standard    of   viscosity, 

101,  349. 
„      ,,     blown,  319,  320. 
,      „     class,  281,  284. 
,      ,,     fatty  acids  and  glycerides 

contained  in,  11,  41. 
,      ,,    injurious    etfects    of    free 

acids  on,  115,  313. 
,      ,,     insoluble  in  acetic  acid,  55, 

349. 
,      „     refining  of —««€  Oils,  refining. 
,      ,,     relative  price  of,  342. 
,      „        ,,   tendency  to  gumming, 

323. 
,      ,,    tests  for  sulphur  in,  123. 
,      ,,     used  for  soapmaking,  408. 
,      „     yield  of,  241,  348. 
,,   raps  (rapsamcn),  348. 
„   red  pine  seed  (pine  oil,  pinaster 

oil),  244,  287. 
,   rosemary,  15. 
,,   rosin— «««  llosin  oik. 
,,   rUbseu,  348. 


JU2. 

OiL  rtK.  X.  '  -k  JEX  OiL  uuptntuig,  distilled  off  in  Mo- 

.,   atttuwer  MW^u  2i4k  necke'a  pioceak  4TX 

,.   ^^nT'''*^    *.  t-TT.  ••          .9     mi'ilitaifcojif   air   bleKiuBfr 

..    itpws^fk  :mi3U  'il4m  oi  wax.  :SH9,  35&. 

..    ?ardizx!e»  ^Hk  ..          .,     oxidadoa  o£.  4« « . 

..    S^ccn.  ir^HNMd.  il4>  ..          ,,     iwlvenc     for    moaganae 

.,   iMu  i4r.  iJ^.  .S3.  JU3.  salts  as  «irien,  dfd. 

.^      ..     rviauvv -*r:ce'£.  U;L  .,    nngfimiia,  •i44w 

ia«a    ''.>r  '-t^aynnusin'; — Jee  .,   valerian.  I  J. 

^vaijmaikinij:.  .,    raive   valveoiine*.  rS30. 

.»    scmmr    ^mueilv.    'euii«f«  oI  -Jtl),  .,   wainut — ^v;*  Oil-aaci. 

^  ii4^  -S«t  .,    wainis.  ilKi. 

3auuou3  a  .^tucu*  r«»c  :or  .»   wacermeluii  aeetl.  244,  28& 

— --r  ^u^ar  'ttsc.  .,    weiii  j««Ht«  *i44.  *JS)l. 

.»        ..        -iaa*.  JSi/.2?«i.  ^   waaie  tnmi  .  :i47.  'iSe,  '233,  SOX 

.tiCc*.cioa     u      uiuiteca-  o2± 

-?.u»  a.   l+r.  .,        „       oiaas.  iSl.  2»ia«> 

.^          «         CMKLior^oaL-miucxxL^^UC*.  smeil  10  «>£':  «Mp.  4J9. 

.»    ^uars.  iiianL  ^  i-.-vr. -147.  iM^ -ttttf.  ,,         ..       reLiCivi;  pro*  uf.  .142. 

..    suci'p  *  rrotter.  "lii.  1?^,  iS^.  .,        .,       aa«ti  :nr  ioapmakmg— «e 

Tauiri    «vtip  .^try  .  ..   wiiii  ratilbii  jet;*i.  *i44. 

..    Hiia  "Muu  vi^7.  .,   wmSKjrjrevn     ^ulriieria  .   3,  0. 

..   5^«inn.  ?,  l-k  I5c>.  IVX  14^  lO*  I'Ji  " 

..  ^cdt«raL:oEL  ■[«   l^SL  .,    wood  ei;ieoct.K!tn..rara2iisewQ€d-. 
u  .obrtcaxi:.  Ilili-.Zix  — <«*  Oil  ei;t*'ciHn:a.. 

..  ""•iowtu  J!il.*.  ..    wool   frr.im  Y'lrti^ire  .rreaKia- 

..       ..  ,i«K  i^i  ilft».  tiilaniinj,  *i7J, 

..    le^uM»;>|.<«:rmak*«€i,.:VQLJS3.  .,    v«iIow  huza.  ri4>nqy.  242. 

.»       ..  rriauw    rvuvUoLV  n»    ^tixii>  .,   Aurach     marufMOi.    a:Tnh.   nean 

:ma;^   &S.  «iiU  reppam.  s^r  .  2!>7. 

.»        .  wtcnrciK  !U0.  S3.  Oil  baciis  fur  :i*iiip«nuv:  metxia.  3G2. 

..   :(^ut!al«air:   <.U!L^uyniu&:.  244^  2!«8L  Oilcake    partner.    'vis«  ~  la   <'uurtrsii 

,.   spine    \ 'jr<i2^«it!:«  .:rvu»i  iixiila-  «nlaik  22^  23«L 

nua  .  irr.  r>.   "  OikakisK  114.  2iL-2l4w  303-C50o. 

..    >prac.  .i!H«  .,      aanii.  rniin  3iiiscar*i  wed.  349. 

.,    if>nni:  vi'pv  -««<L  244»  .»      vannpusidua  of.  21;S>214. 

..    H*r*:c«  :r  ?*^«L  244»  .,      cotsun  aee*!.  212.  214«.  304. 

„    $^iin:.e.  24-k  .,      iUiizeixfriuixsaadwiutf!iea£.2IL 

.•   «rair:sai.>u;u£a     i««u5  —  «e    Oil  ..      fatrv  siacter*    ountamed  in. 

uacura..  llj,  213-217. 

..   smikiwvr.  24-k  iSi.  :S04»  44t8.  ..      5:«e  fatty  jcid^r  cuncsuned  in, 

.»         ..       -jrT.idu(.-:u>u  n  AUa^uk.'SOo.  lU.  214. 

..    ^ak-ansaiuik-    ra^-itnuiaa*   SbC: — ««•;  aunduwec.    ani^cur  so  honp 

Oil   «.-aIak'ar  n^ut  .  jod  rape.  ^SUJ. 

.,    tallow.  i3i.  2S;.  2>i>.  Od.  lompi — -«f«  Ljunptf. 

.,   "amanH.   '2^L — ^--   Ou     cuauar  Od  aid!  piaac  214>±!!^. 


3aed  31  oa1t«  -nl  pro- 
imi&uiu  2UII.  34X 

^   tva  :«««d«  244«  2S3.  OdSk  auaorpcun  jc  oxy^fea  bj — tes 

^   tixiacttf  seed.  244*  Absurpiiiin. 

.,   nl — »«  Ou  ."^esame-.  ,.      aoBtyiaaun  Tesc  5ir     <gg  Aj«tr- 

.,    mbacvo  weti.  244v  21*1.  loaua  o»ci 

..  ttraiuuLMuna  — ^«r  •/'il  carapaaur;.      ^      jdaiDHacun  jt  34iJ-^I. 
.,   ttaxn-^ffOd  whale.  ,,      anmwd.  :ai.  :Sig,  JSuL  2ae!.  298^ 

yr  anitf.  :Si — «?  Od  .elaNnwcca..  a».  X25. 

m,   somiy.  i*}^  .^  yr       do    mic    j-.«Ll 

rp  torpencne.  tf»  ^  acid.  291. 
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Oils,  antbraceDe— «e«  Anthracene. 
,,      Benedikt  and  Ulzer's  test— /tee 

Acetylatiuu  test. 
„      blacktish,  293. 
„     bleaching  of,  2G3-268. 
„  ,,  partly  effected   by  pre- 

cipitation  of  mucilage, 
&c..  203 
„      blown,  42,  90,  125,  130. 
„  „   chemical  changes  during 

manufacture  of,  319-321. 
,,  ,,    manufacture  of,  264,  319. 

„      blubber — itee  Oils  (cetacean). 
,,      botly  of — see  Viscosity. 
,,      boiled — Aee  Oils,  drying  (boiling 

of). 
,,      bone— #C€  Bone  fat, 
,,      bromine  absorption  of,  176-179. 
„      burning  (lam])  oils),  2,  5,  3^)2, 

312. 

,,  ,,    injurious  effect  of  free 

acid  on,  116,260,313. 

,,      cetacean    (blubber   oils,    traio 

oils),  6,  113,  116, 

292,  293,  299,  360. 
,,           ,,          extraction  of,  247. 

,,  ,,  from  toothed  whales 

yield    spermaceti, 

293,  300,  301. 

„  ,,  separation    of    alco- 

holiform  constitu- 
ents from,  121. 
,,  „  separation    of    sper- 

maceti from,  300, 
301,  360. 
,,      characteristic    oxidation    pro- 
ducts of,  12S. 
„      chemical  changes  during  drying 

of,  134-137. 
„      claritication    of,    by    chemical 
l)rocesse8,  254-263, 349. 
„  „    by  filter  presses  and  ordin- 

ary filters,  228, 255, 257. 
ft  >»    ^y   standing   in   contact 

with  water,  344. 
„      classification  of— see  Classifica- 
tion. 
, ,      cleansing  of — «e6  Oils  (refining). 
,,      coaltar,  2,  5,  50,  328. 
,,      cod,  294— «ee  Oil  (codfish,  cod 

liver). 
„      cohesion  figures  ot—see  Cohe- 
sion figures. 
„      cold  drawn,  114,  212. 
„      colour  oi^we  Colour. 
„  ,,      reactions  of — aee  Colour 

reactions. 
„      congealing  point  of— Me  Melt- 
ing points. 


Oils,  cooking,  302-304. 
„      creosote,  2,  328. 
„      cylinder,  105,  128,  324. 
„      dead,  324,  328. 
,,      decolorising  of  —  see  Oils, 

bleaching  of. 
,,      dissolved  impurities,  256. 
,,      dolphin,  293. 
„      drying,  32,  33,  55. 
,,         „  boiling  of,  by  air  blowing 

process,  314316. 
,,         „      ,,   by   free    fire   process, 

314,  315. 
,,         ,,      ,,   by  oxygen  process,  321. 
„         „  class,  281,  290. 
„         „  decolorising  hidi  class,  268. 
„         ,,  filmtest,Livache'8 test,  1.33. 
„         ,,  present  in  nondrying  oils 
in  small   quantity,   185, 
282,  .^44. 
„         „  relative  proportions  of  dif- 
ferent glycorides  in,  136, 
290. 
,,         ,,  used  in  paint  manufacture, 

&c.,  313. 
„         ,,         ,,      soft  soapmaking — 

see  Soapmaking. 
, ,     drying  of,  chemical  changes  dur- 
ing, 129,  134-137. 
„      eiiible,  302-312. 
„      claidin  test— *«cc  Elaidin  test. 
„      elfect  of  heat  on,  125-128,  314. 
„       light  on,  130-132,  139, 
149. 
„  ,,       polarised   light  —  see 

Light  (polarised). 
,,      electrical  conductivity  of,  53. 
„      engine,  324. 
,,      essential,  artificial,  6. 
„  „        natural,  2,  5,  20,  63. 

,,      ester  numbers  of — see  Ester 

num\>er. 
,,      examination  of,  general  scheme 

for,  124. 
,,      expression  of,  303— ^fc  Presses. 
,,      extraction  of,  by  solvents,  231- 

244,  303. 
,,  ,,         fish   and  liver,  by 

hot  water,  248. 
, ,  , ,        vegetable,  fats,  &c. , 

by  hot  water,  200. 
„      fish,  248,  259,  263,  294,  299. 
,,         ,,    bleached  by  hot  air,  264. 
,,         ,,  ,,         bichromate,  265. 

,,        ,,    colour  reactions  of,  294. 
,,         ,,    detection  in  linseed  oil, 

352. 
}>        M    gi^'e  unpleasant  smell  to 
soft  soap,  459. 
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urpEZ. 

1 

Oils, 

fish,  imetl  08  ftdulteraiits,  348, 

Oils, 

lubricating,  trnmuf^ciure  of ,  321  - 

»> 

II     iiaeil  lor    Sioapmnking,  40S 

328. 

— K<*c  SoapmaklDg* 

*i 

,f         metallic   Maps    coo- 

ft 

fish   liver,   247.   iJl»4,   408-**fe 

taiuedin,  121,  324* 

<t/w  Oil  (cod  liver). 

II 

„         of  fine  quality  frtm 

f « 

fixed,  2. 

desrraa,  337. 

tt 

Hashing  points  of — ^«  FlaahiJig 

,, 

, ,        apecifi  c  gra  vity  of*  323w 

poiiitK 

tl 

,*        apoutaneous  comboa- 

It 

free  acult  nttmljcr  of— Jtc<!  Acids 

tion  of.  133* 

(fnic  fattv)- 

u 

,,        viscosity  o{*-««e  Vis- 

7* 

fusel,  0,  14/*20,  ri3. 

cosity. 

}i 

inaiu'^   points  of— *«<  Melting 

II 

vobitility  of,  325. 

points* 

n 

macldnery,  128*  324* 

f  f 

general  tmtnre  r>f,  I. 

II 

medicinal*  IVyS. 

ft 

KlyceridiL-,  3,  93,  *>8I, 

11 

malabar.  294, 

i» 

„     detected  in  sperm  oil  by 

»i 

melting  points  of— «e€  Melting 

aaponiticatioii,  ;154. 
i^umming  ot—Hff  tlnmmmg. 
\ivui  evohiti^Jii  with  Bulphiiric 

pointj. 

»* 

9t 

methyl  iodide,   teat  for  —  sc< 

)« 

Methyl  number. 

Hciil,  I47^ir>l,  34L 

IT 

mineral     (petroleum,    natuial 

»t 

,,         with  Butptmric  add, 

naphtha)*  2*  5.  25. 

eHect.  of    light   oti, 

II 

„      absorption    of    oxygen 

lai,  1311. 

by*  330, 

^^ 

llehn<?r*s  test  for— *«•<?  Hehner 

»» 

,,     f!a«hingpoiutoftl26-12S. 

mimber* 

11 

„      lubricant*    containing. 

til 

herring*  *2M, 

322330, 

1  * 

HuIjI's  teat— j*^(?  Iodine  mtmber, 

It 

„     refra^^tion  of*  52. 

i» 

hydrocarhori,  2,  5,  54,  «I0— *fe 

If 

„      relative  price  o^  342. 

fi/jifn  Oda  (niijieral^  parjilfin. 

1* 

,*      specilic  gravity  of,  90,1* I, 

coal  tar), 

Tl 

,,      use  of,  in  early  agea  fi>r 

«f 

hydrolyHiH  ol^Mfe  Hydrolysis* 

burning*  312. 

I* 

insohihk*  rtcid,  niJtiilMsr  of— *fc 

II 

,*      vtBcosity  of,  1U5. 

Insohihk*  acid  number. 

If 

nitric  acid  an,  action  ol— #a« 

f  1 

iodine  nuodjeriitf  (iodijieabaorp- 

Kitric  acid  teat. 

tiun  of)  -  Kt^f.  Iodine  number. 

It 

nitrous*  acid  on,  action  of-i« 

f  1 

kerosene*  2,  5. 

Elaidin  reaction. 

■»)• 

Koctt^torfer's    test— «tr«   Total 

It 

noudrying,  281. 

acid  number. 

*  *       ui«i ttall y  con tai n  small 

11 

lamjt— .*er  OiU  ibumiog). 

quantities  of  drying  oila,  185, 

tr 

l«8»er  known.  *J-S7  'iKy* 

282*  284*  344, 

tl 

„            some      probably 

tl 

nonglyceridic*  3,  93,  282: 

vahtublc,  289. 

11 

odour  of — gff  Odour. 

ti 

liver,  294— «e<!  Uils  (liah  liver, 

If 

order  of  price  of,  342. 

shark  liver). 

It 

oxidation  of^-Jtfe  Absorption  of 

1* 

*,     colour  react  tout  of,  *2iH. 

oxyitjjeu.   Oils   (blown),   Oiii 

it 

,,     contiiijx    cboleiterol  and 

(drying),  Gnmming. 

bi  liar  V  constituents, 292. 

It 

oxidised— j»f^  Oxidised  oils. 

1* 

liibricattni:.  2,  'u  ill,  :^21-33a 

paraffin*2,  5,  91.313. 

II 

„         absorption  of  oxygen 

M 

,,        iu  soap*  258 — i^e  Soap, 

by,  i:U,  329,  330. 

special  kinds  of. 

,, 

,,         analyais  oi^  328. 

It 

petroleum— *ec  Oils  (mineral). 

»t 

,,         chnractein    and     be* 

11 

phosphorised.  from  leguminous 

briviour  of,  32^1, 32tl 

phLnta*  123*  259. 

Tt 

,,         eong elation  of*  6 7t325* 

II 

])okriged  light,  action  ol,  50. 

It 

tbahjnc    ]mnU  of— 

poi-poise,  293. 

^e  Fia^hiiig  point. 

t* 

proximate  constituents  of,  110- 

*t 

,,         free  ntitierftl  acids  in, 

124. 

2(;i>,  :i22— «e«  aim 

II 

purilication  (NoerdUnger's), 

^ 

Luhricftnta. 

263. 
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Oila,  pyrene,  344. 
„      rtocidity  in^see  Rancid,  Ran- 
cidity. 
„      ray.  294. 
,,      red — see  Red  oils. 
„      refining  of,  254-263. 
„      refractive  index  of — see  Refrac- 
tive index. 
, ,      Reichert's  test  for— see  Reichert 

number. 
, ,      rosin  —  see  Rosin  oils. 
„      salad,  212,  257,  30.3,  344. 
,,  ,,     refined  cotton    seed  oil 

intermixed  with,  2G7. 
„      saponaceous  matters  contained 

in,  121. 
„      saponifiable.  .3,  6,  323. 
,,      saponification  number  otsee 

Total  acid  number. 
,,      saponification  e(^uivalents  of — 

s^.e  Saponi  ti  ca  tion  equivalents. 
„      seal,  293. 

„        ,,     colour  reactions  of,  294. 
„      semidrying,  286,  290. 
„  „        proportions    between 

different  glycerides  \ 
in,  290,  291. 
,,      separation  of  stearines  from — 

see  Stearines.  I 

„      shale,  2,  r>,  90,  91,  313,  322.       ' 
„      shark  liver,  247,  294,  403.  i 

„      sod,  336.  I 

„      solidifying  points  of — ««e  Melt-  ■ 

ing  points.  ! 

,,      soluble   ocid   numbers  of — see 

Soluble  acid  number. 
,,      solubility  in  solvents  of  —  see 

Solubility. 
,,      specific  gravity  of,  76-94,  341. 
„  „     effect  of  light  on,  130. 

,,      spindle,  128,  324. 
„      spontaneous  combustion  of,  132. 
„  ,,  oxidation  of  —  fiee 

Spontaneous  oxidation. 
,,      standard,    )>reparation  oi—see 

Standard. 
„      sulphur  chloride  on,  action  of 

— see  Sulphur  chloride. 
,,      sulphocarbon,  344,  408. 
,,      sulphuric  acid  on,  action  of — 

see  Sulphuric  acid. 
,,      sulphurised,  teats  for,  123,154. 
„      summer.  257.  .304,  348. 
„      table— ^66  Oils  (edible,  salad, 

virgin). 
,,      taste  of — see  Taste. 
„      tournantes— /Jfc  Huiles. 
„      total    acid    numl>ers    of  —  see 

Total  acid  number. 


Oils,  train— «€g  Oils  (cetacean). 
„         „    class,  281,  292,  293. 
„      Turkey  red,  27,  42. 
,,  „     adulterations  of,  334« 

336. 
„  „     analysis  of,  332-336. 

,,  ,,     bibliography  of,  331. 

,,  ,,     constitution  of,    143- 

147,  330,  331. 
„  „    manufacture  of,  330- 

332. 
„      turret,  324. 
,,      uses  of,  302. 

,,      imsaponifiable     matters    con- 
tained in  —  see    Unsaponiti- 
able  matters. 
„      vegetable,     281-285,     286-291, 

295-298. 
,,  „  lesser  kno^^n,  287. 

,,      virgin,   304,344 — see  also  Oils 

(salad). 
,,      viscosity  of— «cc  Viscosity. 
„      volatile,  2. 

,,  ,,        acids  from — see  Vola- 

tile acids. 
„  ,,        number  of — see  Vola- 

tile acid  number. 
,,      vulcanised,  154. 
„      water  contained  in — see  Water. 
,,      whale,  293— <«?<?  Oils  (cetacean). 
,",  ,,       colour  reactions  of,  294. 

„      winter,  230,  257,  348. 
,,      yield  of,  from  seeds,  &c. — see 

Yield. 
,,  ,,      fatty  acids  from,  76, 163. 

,,      Zeisels    test    for— see  Methyl 

number. 
,,      zinc  chloride  on,  action  of — see 
Zinc  chloride. 
Olberg,  water  bath,  61. 
Olefiant  gas,  26. 

Olefines  form  glycols  by  oxidation,  44. 
Olein  (oleic  triglyceride),  7,   11|  28, 
110,285. 
,,      action  of  nitrous  acid  on — see 

Elaidin  reaction. 
,,  ,,        sulphuric  acid  on — see 

Oils  (Turkey  red). 
Oleine,  candle— see  Red  oils. 

„      cokemut,  90,  92,  231,  283. 
,,       palm  kernel,  2S.3. 
Oleines   (cnmmprcial   products),  90, 
92,  110,  285. 
,,        animal,  285,  299. 

distilled,  110,  262,  277,  285, 
324,  377. 
,,  „        hydrocarbons    pre- 

sent in— see  Hy- 
drocarbons. 
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Olcines,  from  wool  c:reasc,  270-279. 
,,        Turkey  red  oils,  285. 
„        vegftiible     expresscdt     110, 
±29.  257,  2H3. 
Oleine  soaps— *ee  Soap  making. 
Oleomargarine— 5f<»  Murganne, 
Oleometer,  Lefebru'a^  79. 
Oleonaphtha,  33U, 
Oluorcfractoiiicter,  51<53,  347. 
01eot»tearine,  1)3* 
Olive  steariiie,  230. 
Olive    tre^B,    different    Bpeciea    and 

vftricties  of,  342, 
Opderbcck,  oxygen  process,  321. 
Opea  teat  (tUshiu^  |iO)iit),  120. 
OudctuaDns,  KiLiiibutan  tallovr,  296. 

,,  stearidic  acid,  30. 

Overbeckt  oxidation  of  stearolic  £w:id, 
30,  45. 
„  ox y oleic  acid,  41. 

Ox  tidlow — 'ffr  Tallow. 
Ox.  utilisation  of  fat  of  an,  311. 
Oxalic  acitl  from  glycerol,  S,  519-522. 
,,      acids  from  ji^lycola   by  fusion 
with  potash*  IS. 
Oxidation  during  boiling,  125. 
II         of  aldebydea,  20,  25. 
„         of  fatty  acid^  during  dry- 

iui:.  "113. 
,,        of  oils  by  ligbt,   130-132, 

139,  149. 
,1         of  ods  ilminj^  drying,  42» 
1 2D'  1 37  —it<:i'  A  bsorption 
of  oxygen,  iiuminintj. 
„         products  of  fatty  acids,  19. 
33,  30,  40,  43. 
,,  ,,  clmrncteriatic, 

128,  129. 
„         spontaneous  —  nee     Spon- 
taneoua  oxidation. 
Oxidiacd  oik  (oils  natnmlty  contain- 
ing Qxyj^cn),  3. 
,,  (coninsercial  ;  really  arc 

Hulptinriacd),  154. 
„  (lin&ccd     **  skins'^     for 

Unolcuin),  3 IS. 
,»  (oils  treated  witU  oxidis- 

ing  materials),   42 — 
ftc  al^n  nils  (blown, 
and  rcliuiDg  of). 
Oxyacids  fonncd  iluting  diying,  135. 
Ox^'^gcn,  absorption  oi—ate  Aliaorp- 
tion. 
,,        adiiitiou  to '* nnsat orated" 
acids,  3.%  30,  45. 
Oxyoleatea,  42,  332. 
Oxy oleic  acid,  4L 

„        mixed  glyceridc,  144. 
OxyokiDi  139, 


Oxy  stearic  mixed  glyceride,  144. 

Ozokerite    {solid   mineral   hydroo&r- 
bous,  earth  wax),  2, 5,  6, 88, 
91,  2iW—Me.  also  Ceraain. 
,p     used  as  beeswax  adultenuit, 
359., 


Paint.  135.  302. 
Palmer,  metii-ltic  wick,  394. 
Palmieri,  electrical  conductivity,  53. 
Palmitin  (palmitic  triglyceride),  11, 
2S5. 
,,        chief  soliil   const itueut  of 
olive  oil,  344. 
Palmitinc  (comnicrciat  product),  3S7» 

407 — ^«e  altm  Candle  stearine* 
Pans  for  boiling  oU,  aoap,  Ac, — m< 
Kettles,    Decomposing    pan, 
CVx>lint:  jian,  Ue-meltingpati^ 
CrystatliBiug  |mn*  Ac, 
„     crn telling  soap,  4;iS-442. 
Faracholesterol,  tS. 
Paraffin  wax — *^f  Wax  (parafEn). 
Parapbytostorol,  Ifi,  17- 
Paring  machine  (oilcake),  223. 
Parings,  etlge  runners  for  grinding, 

220,  223. 
Parii?  Municipal  LalM>rntory,  65,  82, 
P.irneU,  cau»ticising  under  presstu-e, 

413. 
Paterson,  spectram  colorimeter,  50. 
l*ayue,  glycerine  manufacture.  515. 
,,       meUiuL?    fioiuts    of    distilled 
fatty  acids,  3S4. 
Pea  nut — »€*:  Oil,  arnchis. 
Pearliish,  409, 
Pearlaahing,  451,  479.  4S9. 
Pehda— -fffc  Wax,  Chinese* 
Pelargonium,  20. 
Pendulum  machine,  M*Naught'8,  94. 
Peusky,  UashiuLj  po;nt  apparatus,  127* 
Perfumes,  iujunou!*  etfect*  of  excess 
of,  in  toilet  soap,  480. 
„         oik  used  in  cxtmctioa  oft 

3i>2,  479. 
,1  used   for  soap— **•<  Softp- 

making  (pei fuming). 
Permanganate,  oxidatiitn  by,  ctianic- 
t eristic    pro- 
ducts of,    128, 
P29. 
„  „  of  acrylic  acids, 

28,  ;>0.  41^. 
„  ,,  ofanimal  oils  does 

notfotmsativic 
acid,  29K 
I,  „  of  liuotcnic  acid, 

37.  43,  lis. 
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PermaDganate,  oxidation  of  linolic  acid 

34,  35,  43,  128. 

,,  „  of  ricinoleic  acid, 

40,  43,  1-29. 
„  „  of  stcarolic  acids, 

33,  36.  45. 
„  ,,  rule    respecting, 

44. 
„  wax      bleached      by 

means  of,  269. 
Peroxide   of  hydrogen  as  bleaching 

agent— wc  Hydrogen  peroxide. 
Peters,  linolic  acid,  .34. 
'    „      polarised  light,  51. 
Petroleum — see  Oil  (mineral). 

,,       ether  (light  petroleum  spirit, 
l>enzoline),  2,  5.  I 

,,         ,,     as  solvent,  55,  115,  118- 1 
124,    2:^1,   236,    252, 
2G2,  273,    275,    328,1 
329,336,337— «e<ja^o 
Soap  analysis. 
,,  „     fatty  acids  insoluble  in, 

from  boiled  oil,  135. 
„  ,,     preferable  to  ordinary 

ether  as  solvent,  118, 
120,  273,  275. 
Phasol,  16,  259. 
Pheasant  grease,  298. 
Phenol  (carbolic  acid) and  homologues 
3,  6,  15,  16,  53. 
„      determination  of,  in  soap,  506. 
„      extraction  from  coaltar,  230. 
,,      use  of,  in  disinfectant  soaps 
— see  Soaps,  special  kinds  of 
(carbolic,  disinfectant). 
Phenolphthalein  as  indicator,  23, 115- 

117,  124,  328,  333,  359,  497. 
Phlorol,  16. 

Phosphorised  constituents,  121. 
Phosphorus,  determinatiou  of,  124. 
Physical  properties  of  glycerol,  7. 

„  „  oils,  &c.,  47- 109. 

Phytosterol,  6,  16,  17,  240,  259. 

,,  determination  of  inoil8,&c., 121. 
Pichurim  bean  fat,  20. 
Pickling  soap  bars,  438. 

„        wicks,  394,  395. 
Pigments  (mottled  soap),  472. 
Piston  candlemoulding  machines,  399. 
Pitch,  Burgundy,  adulterant  of  bees- 
wax, 359. 
Pitch  formed  in  Wilson's  process,  381. 
„    from   distillation  of    foots  by 
superheated  steam, 
261. 
,,  >,    of  Yorkshire  grease 

by       superheated 
steam,  277. 


Pitch  used  as  coarsolubricant,  277,324. 
Pliny,   early  soapmaking  processes, 

449. 
Plotting  (milled  soap),  448. 
Plumbago  (antifriction),  324. 
Pohl,  melting  points,  64. 
Poiseuille,  viscosity,  107. 
Polariscope,     polarised     light  —  see 

Light,  polarised. 
Polishing  candles,  406. 

,.         soap  ta])lets,  448. 
Polyglycerols,  8. 

Polymerised  fatty  acids  formed  by 
elaidin  reaction,  139. 
, ,  glycerides  formed  during 

boiling    and    drying, 
135,  318. 
, ,  oleo-oxy stearic  acid,  330. 

,,  ricinoleic  acids  —  see 

Acid,  ricinoleic. 
Pomades,  lanolin  used  in  making,  .339. 

,,         oils  used  in  making,  302. 
Porpoise  blubber,   extraction  of  oil 

from,  247. 
Potassium  carbonate,  causticising— «f  e 
Causticising. 
,,  ,,        leys,    alkalinity 

of,  419. 
,,  ,,         used     in     M^ge 

Mouries      pro- 
cess, 308. 
,,  ,,        used    in    pearl- 

ashing  —  see 
Pearlashing. 
,,  ,,         use<l     in    soap- 

making —  see 
Soapmaking. 
,,        chloride,   action    on    soda 
soaps,  490, 491. 
,,  ,,        source  of  potash, 

410. 
Potash,  action  on  brominated  acids, 
28. 
„      caustic  (potassium  hydroxide), 
effect  of  fusion  with— «ec 
Hydrogen. 
,,      from  sunflower  seeds,  305. 
,,      leys,  alkalinity  of,  417,  419, 

420. 

,,      leys,  preparation  of,  411-414. 

,,      neutralised  —  see    Free    acid 

number.  Total  acid  number, 

&c. 

„      quantity  equivalent  to  soda, 

425. 
„  ,,  i»    to  fats  —  see 

Calculations. 
„      soaps,  action  of  soda  salts  on, 
451,472,473. 
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IV-assi.  x*p  of.  in  irtininc  0119,256,261. 

..      ^*:^-vaI»>  ilkalu  409. 
:\:a:o  f-::**!  o;'.<,  14. 
Vy\il.j»:::  :;.  ■:    M:oliaud,   zinc    oxide 

Tciit»r  :*  t  Ijl:  .;  *.:;  rx-'Ac tion  — 9tf  Elaidin. 
r.  >»VT  rw-.u**'**'  •"  ^^•'*  w^ilK  -15-217. 
l^sfv  :.•.;:*::.::     rrvx*t.»**o<     (removing 

xlxI    .»c>^  v"^    * .  -.Vv  2i>J,  263. 
IV*.-?*-  .A*>t    >-  -  ii^ii  prtns*  cakf.  Hot 

<^Jkr*'<-r  :or::.s  cf,  llh*. 

>./:    -*:'  HvX  pros*. 

r>-\>*-:rv  rty;v.:*::e  in.  211. 
a^  :\  * .  *^  K\  iUCv 

;>tTss;:::\\    .-^ .-::".! ..:  .  r.    un*lf  r  dimin- 
:s:io.".    — :  l^:s;:IIati«>Q. 

r.  .;;  v:i>*<*.211, 
:\ .-  .■< ; . .  ^  ;ju.o«"  under  in- 

s^\%*.  r  \i  v;:      nix'er      in- 

>v.T^-,>s.  >..v)^  .~4  .\v,  :^io. 
iV-x :.  r ^  .xk-'  *. :  *.  -i :  T.  ?  *.  s. 

i\v.v  ,x  i,-,'  ,\  csC  : .  :^ : ;  >.  1 1\^  124. 

.      :r  r.  Tt:-  A:;^w  vmnted 

.    ^fi-.-u.-AUv-r.  o:\    111- 

".  .,v 

».    ^  fc-iA::v'c  wj:h  soil. 
«l:.:iv«;e.  ito.«  111. 

yo,-s5> .  :^2i^ 


^i^*^;.\'*     ,•:      »^vv..    '■?^:i»i;r    for 


I  Railway  gresae—aee  Lubricants. 
Rancid    tallow,    &c. ,    cleansing  of, 

256,260,261,265,  310. 
I  Rancidity,  10,  49,  69.  255. 
;  „         due  to  oxidation,  132. 

„  light  promotes,  132. 

,,  produces  much  free  fstty 

acid,  10,  114,  255,  aw. 
Rape  seed  (colza,  cole  seed),  vahoos 

ppecics  of,  34iS. 
'  Raphigaster,  25. 
:  Rational  Beaume'  scale,  S6. 
Raw  oils,  313— ««<:  Oils  (drying). 
Reaction,  specific  temperature,  149. 
Reactions  of  oils,  &c.,  quontitatlTe, 

156-19S. 
Reaumur  scale,  57,  58. 
Recovered  greases— ^e«  Grease. 
Red  oils  (crude  oleic    acid,  candle 
oleino),  110,2:^,285. 
„         anal^'sis  of,  375.  378. 
,,        expression  of,  231,  370. 
„        filter  cake— *-€  Filter  cake 
„        palmitic  acid  from,  SSI. 
„        soap  from  — ttee  Soapmaking 
„         unsaponitied  ^'rease  in—Ht 

Unsaponilied  fat. 
, ,        ut  ilisatiou  of,  3S6-3SS. 
„        yield  from  ox  fat,  311, 312. 
Redwooil,  viscosimeter,  98. 

„  „     results  obtained 

by,  101-105. 
Refining  oils.  &c..  2.>4-263. 

„  acid  pnicvsses,  259,  349. 
„  alkalmo     „      260,  349. 
,,  ,,    process  removes  free 

acids.  12,  115,  260,  322. 
.,  bytreatment  with  water,  344 
„  Hartley    and    Blenkinsop'ft 

process,  263. 
„  Xoerdlinger  s  process,  261 
„  precipitation  processes,  262. 
«,      virpn  oils,  304. 
Reformatsky.  iinolic  acid,  34,  35. 
Iteincta\'e  index,  refractometer,  51, 

541. 
Re:ohen'st<.'>t  (Reichert  number),  23, 
53,  157.  195,  341. 
mode  of  working,  173-176. 
ReicKeitMeissl  test,  174,  19a 
Keiebert-WoUny   „    175. 


>K  V  '*>9^'v  ^>«^»ul»«>  ***i  rc\x>e<c!k  3i?7. 


Keichl.  t«t  for  glycerol.  8,  516. 
Keimer  and  \ViU.*dieracin.  11. 

rapic  acid,  41. 
ReUdre  density — Me  Specific  gravity. 

viscosity — *fr  Viscositv. 
ResMltiBg  i^aus,  441-443. 
Resani,  test  for  araohis  oiL  344. 
KcndcnBg  animal  fats,  245-251. 
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Ream  (pine) — see.  Rosin. 

,y     used  for  early  torches,  312. 
Resinate  of  so<la,  450,  453. 

,,  calculations  respect- 

inir.  455,  465. 
„  U8eof,in8oapmaking 

— see  Soaimiakin^ ; 
•Soap,  special  kinds 
(yellow  soap). 
Retinous  constituents  of  oils,  118. 

„  „       removal  of,  from 

oils,    255,   256, 
260,  262.  322. 
Resins  and  resinoid  bodies,  3,  25. 

, ,  , ,      used  as  beeswax 

adulterants,  359. 
Richards,  testing  liability  to  spon- 
taneous inflammability,  133. 
Richardson  and   Watts,   railway 

grease,  327. 
Richmond,  density  of  glycerol  solu- 
tion, 517. 
Ridnelaidin,  40,  137. 
Ricinolein  (ricinoleic  triglyceride),  40. 
„   action  of  nitrous  acid  on,  137. 
„   distillation  of,  40. 
Rideal,   viscosity  of  gum  solutions, 

108. 
Ritsert,  causes  of  rancidity,  132. 

„       glycerine  testing,  615. 
Rock -see  Candle  stearinc. 
Rolls — see  Crushing  rolls. 
Rose,  Down  and  Thompson,  oil  press 

machinery,  215. 
Rosin,  (colophony),  88,  92,  118,  178. 
„      action  of  sulphur  chloride  on, 

156. 
,,      admixed  with  thickened  oils, 

&c.,  14-2. 
,,      adulteration    of    linseed    oil 

with,  352. 
„  „    of  beeswax  with,  359. 

,,      manufacture    of    resinate   of 

soda,  453. 
,,      use    in    making    lubricating 

greases,  327  329. 
„         ,,      soapmaking — see  Soap- 
making. 
„      window  glass,  474. 
Rosin  oils,  2,  92. 

„        ,,     absorption  of  oxygen  by, 

330. 
„        ,,    action    of,   on    })olarised 

light,  50. 
y,        „    adulteration    of    linseed 

oil  with,  352. 
„       „     detection  of,  in  Turkey 

red  oils,  33.'). 
»y       „    flaorescence  of,  50. 


Rosin  oils,  refractive  index  of,  52. 

,,        ,,     relative  price  of,  «342. 

„        „     solubility  in  glacial  acetic 
acid,  55,  57,  329. 

,,        ,,     use  of ,  in  preparing  lubri- 
cants, 322-324,  3-27-329. 

,,        ,,     viscosity  of,  105. 
Rotation  of  polarised  light— aee  Light 

(polarised). 
Roy  an,   candle    moulding  machine, 

398. 
RUdorfF,  melting  points,  69. 
Rule  followed  in  oxidation,  44. 
Rush  lights,  rush  pith  wicks,  312, 362, 

390. 
Russian  mineral  oils  (viscosity),  105. 
Rutschmann,  stripjiing  machine,  446. 


Sake,  grease  recovery,  272. 
Salad  oils— sfe  Oils  (salad). 
Salt  as  source  of  alkali  (soda),  410. 
,,    in  butter,  &c..  123,  307. 
Salting  out,  23,  33,  54. 

,,  in  refining  oils,  &c.,  256. 

, ,  in  soapboiling— see  Soap- 

making. 
,,  in  Turkey  red  oil  mak* 

ing,  331. 
Sand,  use  of,  in  clarifying  oils,  255. 
Sanza  (olive  marc),  343. 
Saponaceous  matters  in  oils,  &c.,  121- 

124,  135,  315,  324,  328,  ;U7. 
Sa])onitication  by  alkaline  carbonates, 

409,  410. 
Saponification  e(juiva1ents,   33,  158, 
194,  341. 
,,  ,,     determination  of , 

161-170. 
,,   ■  ,»     of  glycerides  ex- 

ceed mean  equi- 
valents of  acida 
by  1207,  165. 
,,  in  three  stages,  468. 

, ,  n umber— .Hec  Total  acid 

number. 
,,  quantity  of  ley  requisite 

for — tee  Calculations. 
Saponification,   typical  reactions  of, 

3-5. 
Saponin,  297. 

Sarg,  utilisation  of  fat  of  an  ox,  311. 
Saturated  hydrocarbons — see  Hydro- 
carbons. 
Saturation,  fractional,  112,  113. 
SaytzefT,  dioxystearic  acids,  28,  30, 
41,42,  46,  129. 
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Saytzeff,  oxystcarte  acid?,  rJ8,  39. 

Seedfl,  determination  of  fat  in,  237.            1 

j,         use  of  mercuric  bromide  in 

,,      yield  of  fatty  matter  from,  241-        1 

H  libra  teat,  171>. 

'    244.                                             J 

Scalcf,  bytlromcter,  84 -80. 

Seibel,  sulphurised  lanolin,  339.      ^^^H 

,»      th<?rnKiTnet«r,  rj7-*50. 

Selt-sam,  bcue  fat  extraction  procefif^H 

ScliKdler,  iiniouiits  of  fntt  v  matter  in 

253,  2r>|. 

seeds,  &c%  241-244, 

Separation  of  fatty  acids.  112,  113. 

,,     cohesiozi  ti^ires,  49. 

„             proximaieco&iitituents. 

»,     colour  reactions,  154,  294. 

111. 

,,     diatillation  with  superheated 

Separation    cake,   (prc^a  cake),  Till. 

atcain,  :|S3. 

antilysiB  of,  37.'i,  378. 

,,     hydrometer  Bcalea,  85. 

„               seeding       (grantila- 

,^     iodinfi  n umbers,  1S2. 

tion»    crvstalliaa- 

,,     melting;  points,  67  70- 

tioij)of,355,:m7^ 

,1     nonexiflteDce  of  doeglic  acid, 

54halfl  oil8-^we  OiU  (shale). 

24. 

Sbnrk  livers,  extraction  of  oils  from. 

,,     polarised  Hght,  50, 

,,     Rcicbert-Meiflsl  iiiiiidMjrB,174 

247. 

Shaving  cream.  483. 

„     Royan'a     eaiidlu     mouhling 

Shea  butter—^ee  Butters,  vegetaVle 

lunchitie,  1^9$. 

(Shea). 

,,     RoUdnlitiea,  54,  55. 

Sheep's  tallow— ««;  Tallow. 

,,     epecitic  crarities,  87. 

Shoddy  scourings,  grease  from,  270. 

,,     lotiil  acid  iiuinbei-»,  IGO. 

Silver^  bromostearate,  action  of  water 

,,     iinsftpoiiifiaWo  matter.*,  2J7. 

on,  2A,  30. 

„     yield  of  linseed  oil,  'ifil. 

„  hydroxide,    action    on  hromin- 

,^             „     rape  seed  oil »,  348. 
Scbepperand  Geitel,  melting poiiits:7n 

Vted  acids,  &c.,  27, 30, 41,  43. 

,,  nitrntetest.  152-154. 

„         separation  cake,  370. 

, ,  tust  ( IWcchi's)— ««<?  Becchi  « test 

Scheme  for  exam  motion  of  oils,  124. 

Skalweit,  ilensity  of  glyceriiie  solu- 

8mipe,50G. 

tion,  516,  517. 

Scbeurer  Kestner,  Ttirkey   red  oils, 

Sinii^'er  and  Judell,  wool  scouring,  337. 

140.  333. 

Skimmer  pipe  (soap  kettle).  433,  434 

Schlink,  deotlorisin  jj  cokernut  oil,3 10. 

Skins  frrmi  drying  oils,  135,  .%8L 

Schmid,  viacoaimeter,  95. 

,,      finning  and  currying,  302, 330. 

Schmidt^a  process  (xine  chloride  and 
oleic  acidi,  14*2,  385. 

,,      tender,    injurious    e  fleet:*    of 

alkaline,   highly    iwrfutned. 

ScUmttz  nnd  Ttprij^'cs,  oxyoleates*  332. 

anrl   auijared  soapa    on—nf^ 

Schmtiblet  toluene  as  solvent  for  wax 

Soap,  alkaline  ;  Soap,  special 

in  BOflp,  49ii. 

kinds  of  (transparent ;  highly 

Sobfin,  hypo^:».ic  acid,  24. 

Kcented). 

Schroder,  oxyhypoga-ic  acid,  41. 

Slabluue  sonp,  437,  4.38,  444. 

,,         palmitoxylie  acid,  45, 

Smith,  Watson,  wool  scouring,  3.37. 

» ,         —*e^G ri  1  lean d  Schroder. 

Soap,  alkaline,  calculations  respecting 

SchllWer,  viacosiracter,  95, 

excess  of  alkali  in.  454,  4tl4, 

„                   *,      results  \%ath,  102, 

„       „     degree  of  alkalinity  judged 
by  tongue,  510. 

Schuler,  linoleic  acid,  33. 

Scotch  mineral  oils,  viscosity  of»  105. 

,,       ,,     injurious  effects  of,  on  ten- 

Scoiirtin.s (oil  extraction),  204. 

der  skius,  45S,  479. 

Scraps  from  ox  fat^  311. 

,.       „         „     on  wool,   silk,  Jtc, 

Screens  for  sifting  seeds,  Jkc,  223. 

453.  461. 

Screw  premies,  20ri-207. 

Soap  analysis — 

Scril>e  for  markiug  soap  blmka,  A^'J, 

Cailletet  H  method,  507,  508. 

Seal  bl  ubbe  r,  e  x  trac  t  ion  o  f  o  i  1  fro  m  ,247. 

Calcium  salt  teat,  5tW. 

Sealing  wax.  oifL 

Clasaifjcation  of  toilet  soaps,  511 

Seaweed  jelly  (antifriction),  324,  328. 
Seed  crashing— ^.e«  Oil  mill  plant,  and 

Determination  of  actual  soap,  492, 

493, 

Crushing  rolls. 

,,                        ,,     calcula- 

Seeding (of  press  cukej—^ri  Separa. 

tion  reapecting.  493. 
of  Alcohol,  505,  500. 

A 

tion  cake. 
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Soap  analysis — 
Determination  of  average  molecular 
M'eight  of  fatty  acids, 
172,  494. 
,,     crude   fatty   acids,  492, 

493,  496,  506. 
„     fattyanhydrides,  493,496, 

497,  506. 
„    free  alkali,  492,  497-501, 

507,  512. 
,,        ,,  as  caustic,  498-500, 

507. 
,,        ,,  ascarbonate,500,507. 
,,        ,,  by  alcohol  test,  498. 
,,         „  by  fatty  acid  titra- 
tion test,  499. 
,,         ,1  by  salting  out  teat, 

500. 
f,         >f  by  salting  out  test, 
excess  found    by, 
500. 
, ,    glycerol  494, 504-506, 512. 
,,     hydrocarbons    (paraffin, 
&c.),  258,  495,  496, 506. 
,,    mineral    weighting    ad- 
mixtures (China  clay, 
steatite,  &c.),  494,  504, 
607. 
,,     organic  weigh  ting  admix- 
tures (starch,  oatmeal, 
sawdust,     &c. ),     494, 
504,  507. 
„     phenol   and    phenoloids, 

506. 
,,     pigments,  504. 
„     potash,  501,  506. 
„     rosin  acids,  474, 497, 506, 

508. 
„  „  by  Gladdin^'s  pro- 

cess, 485, 501, 
502,  511. 
„  ,,       ,,  sources  of  er- 

ror in,  502. 
„  „  by  modified  Glad- 

ding's  process,  502. 
,,  I,  by  Twitcheirs  pro- 

cess, 503,  504,  511. 
^,     8alts(sul|>hates,chlorides, 
&c.),  494, 497, 499, 506, 
507. 
, ,     silicate,  494, 497, 504, 507. 
„     soluble  acids,  496,   497, 

499. 
^,     sugar,  494,  504-506. 
„     total  alkali,  492, 493, 496, 

497,  506. 
„     unsaponiiiable    matters, 
119,258,492-495,  497, 
506. 


Soap  analysis — 
Determination  of  unsaponified  &t, 
492,  495-497,  506. 
„     volatile  matters,  505. 
„     water,  494,  495,  506. 
„    waxy  matters  (beeswax, 
spermaceti  cholesterol, 
&c.),  495,  496,  506. 
General  schemes,  494,  506,  507. 
Typical    results    ( manufiBkctarers^ 
pharmaceutical,  toilet,  soft  soaps, 
&c.),  508,511. 
Soap,  bleaching  dark  coloured,  267* 

,,     chemistry  of,  484-492. 
Soap  factory  plant,  426-448. 
Crutchinj;  pans,  438-441. 
Curbs,  432,  433. 
Catting  appliances,  437,  438. 
Fan,  433,  434,  460. 
Frames,  434-437,  444. 
Kettles  (coppers,  pans) — see  Ket- 
tles. 
Milling  machinery,  446. 
Plotting  machinery,  448. 
Pumps,  434. 

Remelting  pans,  441-443. 
Slabbing   and    barring    machines, 

437,  438. 
Stamping  machines,  444,  445. 
Steam  twirl,  428 — see  also  Morfit^ 
Stripping  machine,  446. 
Soap,  fused,  reaction  of  salts,  &c.,  on, 
451,  473,  488-492. 
„  ,,    alkaline    carbonates 

on,  451,  489,  490— 
see  also  Pearlaehing. 
,,     historical  references  to,  449. 
„     hydrolysis  of,  486-488. 
,,  „    Wright  and  Thompson's 

experiments,  487. 
,,   leaves,  483. 
,,    powders,  477. 

,,    saline  matters  in,  calculations 
respecting,  455,  4(>5. 
Soap,  special  kinds  of — 
Aluminated,  451,  475. 
Bleached  palm  oil,  508. 
Borax,  451,  475. 
Castile,  467,  472,  508. 
Carbolic,  451,  477. 
Carbonated,  451,  462.  475,  477— 

see  also  Pearlashing. 
Cold  water,  477,  509,  510. 
Curd — see  Soapmaking. 
„  amount  of  water  present  in, 

470. 
,,  analysis  of,  508,  510. 
Dealkalised  (neutralised),  453, 461, 
480,  481,  483,  484. 
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Soap,  special  kinds  of  — 

Dii^iufectjmt    (  carliolic,     cresylic, 

zia|iht)iul,  s^vtiitaa,  ierebeue,  &c.), 

45r,  47t),  477- 
Kmollieiit  (containing lanolin,  sper 

mftceti,  vast^line,  wax,  &c.),  448^ 

47«.  479. 
F&ncy — «e<  infra  (Toilet), 
Filled— ^ei?  ^oapmaking  (lillitig). 
Fitted — ntf  Soapmaking  {Htting). 

,,  amouiitof  wat<.'rpt*e««iitin,470. 
Floating,  441. 
Glycerine,  4.*>8. 

,,  containing      additiooftl 

glycerol,  4.1S,  479,  482,  512,  513. 
Hiirlequiu,  4Ha. 
Highly  scented}  iojarious  action  of. 

480,  512. 
Ivory,  509. 
Little  pan,  479. 
Marbled,  483, 
Maxioe — *e^  Soapinaking* 

,,  analyMid  of,  508,  509. 
Marseilles,  407,  472,  508,  509. 
Medicinal   (creoi^ote,  cresylic,  icii- 

thyol,  iodine,   me  re  u  rial,   naph- 

thol,  sanitas,  sLilphur,  terebenc, 

&e),477. 
MetiUic — iti^e  Metallic  snaps. 
Milled.  4445  448,  457,  479,  480,511. 
Mottled — #ee  Soapmtikiug. 

,,        amount  of  water  present 
in,  472. 
Neutralised  —  ate    e^ipra   (Deolka- 

liseti), 
Normandy,  475. 

Oil    freil     oil,    oleine)— w«    Soap- 
making. 
Old  brort^n  Windsor,  480. 

„  „         moilern  inferior 

kinds  of,  481. 
Oleme — ^e  Soapmaking. 

,t      analyus  of,  509,  510* 

,,      ooiitainA  hydrocarbonsj  258, 
270,  4m. 
Olive,  467.  472,  508. 
Parafiin  and  pctrolcnm,  458,  476. 
Perfumers*,  4.j0,  45G,  479. 
Phannacetitical,  510. 
Phospli.atcd,  470, 
Priniroae^-^c€  infra  Kosin  aoap. 
Keni^ltetl  and  bleuded  toUet,  441, 

47H. 
Eoain  (yellow),  150,  451,  453,  473, 
474.  509. 

„       cak'U  Lit  ions  respecting,  455, 
405 

„       French  prooet*,  473. 

,.      primrow*.  474,  509,  510, 


Soap,  special  kfndA  of — 
Xiosin,  primroi^  Muiljaea  a( 

510. 

Sand   (brick diwt,    emery,    fnllera" 
earth,  kaolin,  pipeclay,  pumice- 
fitone,  iLC),  47*>, 
Shaving  cream,  4,S3. 
SiUcated,  451,  45.1,  4G2,  472,  474, 
475. 
„        caicalations    reftpecttog^ 

455,  4!)5. 
„         objectionable     for    wool 
©cotiriiii;   and    lanndrj' 
pur(>oscs,  461,  475. 
„        woates  lena  rapidly,  475. 
Soft— ^f^"  Soaptnaktng. 
Starch   (oatmeal,   bran,  eomfloar^J 
dextrine,  gluten,  leeland   tnosi^| 
sawdust,  &e/),  477^ 
Sugired— jwe  tuTrn  Trans[>areat. 
Sulpbated,  I51,'475. 
Superfattetl,  478,  479. 
Todet  (fancy),  4irt».  441.  478-480. 
,,  analys'*«  of,  511- 

,.  cfa&Titication  of,  512L 

Tooth.  476. 

Tnuis  parent,  cold  prm-ess.  450,45^ 
470.  482. 
„  „     analyets  of,  511. 

,,  „     calcnlatioQS      re- 

specting, 465. 
,,  „    injurious     electa 

on  tender  akkni, 
458,    4.59,     480, 
4S2,  512, 
„  „     auganpd,  458.  480, 

482,  611,  512. 
„  „     transparency    in< 

crcaseii  by  alco* 
hoi,    glycerol, 
sugnr.  458,  481. 
,,         spirit  process,  445,  446, 

4ri8,  474,  482. 
,4  ft,    anolysica  of,  511. 

,«  ,,     di.«tdUtion       of 

spirit,  440,  4S2. 
White  Windsor,  481, 
Wool  scouring,  458. 
Soap,  water  in,  ailcnlations,  respect* 
ing,  4.54,  404- 
,,  „     determination     of  —  m$ 

Soap  analysis  |  water). 
Soapniaking,    class iOcatiou    of    pro- 
cesses —  direct    neutraUsa- 
tion,  450-456. 
If      glyoeridcs  n»ed  and   glycerol 

retain eil,  450,  450-406, 
„       glycerides  used  and  glycerol^ 
eliminated,  451,  400-473. 
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Soapmaking,  factory  operations — 
CleansiDg  curd,  467. 
Cmtchiiig,  438-440,  441. 
Catting,  slabbing,  and  barring,  437, 

438,  444,  449. 
Dealkalisin;;:  —  see    Soap,    special 

kinds  of  (dcalkalised). 
Drying,  438,  447. 
FUling  (loading),  438,450,  458, 4C2, 

465,472,47(5,  483,  5J1. 
Fitting,  4:)l,  467,  470,  471. 
Framing,  434-4:i7,  444,  449. 
Graining  (cutting  the  soap  ;  salting 
out),   54,   413,    433,    450,    469, 
485. 
Killing — see  infra  Manufacture  of 

curd. 

Loading — see  supra  Filling. 

ManufiQicture  by  cold  process,  450, 

457,  513 

„  ,,    calculations 

respecting,  404-466. 

„     by  old   <ierman  process, 

449,  451,  472,  473. 
„     of  curd  soap,  boiling  for 
curd,  451,  467-470. 
,,  ,,     analysis    of    curd 

soap,  508,  510. 
,,     of  fitted  soaps — see  supra 

Fitting. 
,,     of   hydrated    soap,    450, 

456,  461. 
„         ,,     (Swiss   soap,  Esch- 

wcgeSeife),461. 
„        ,,     under  pressure,  450, 

456,  461. 
,,     of  marine  soap,  450,  456, 

461,508,509. 
„    of  milled  soap— «€e  infra 

Milling. 
,,     of  mottled  soap,  451,  466, 

471,  472,  609. 
,,  ,,      modern     inferior 

kinds,  467,  472. 
„     of  oluine  soap  (oil  soap), 

258,451-453. 
,,         „   analysesof,  509, 510. 
,,         „   calculations  respect- 
ing, 454-456. 
,,     of  resinate  of  soda,  453. 
,,     of   soft   soap,   450,    456, 

459,  466. 
,,  ,,       analyses  of,  510. 

„  of  transparent  soap — see 
Soap,  special  kinds  of 
(transparent). 
9,  of  yellow  soap  (rosin  soap) 
— see  Soap,  special 
kinds  of  (rosin). 


Soapmaking,  factory  operations — 
Milling,  446,  457,  479,  480. 
Pearlashing,  451,  479,  489. 
Perfuming  (scenting),  441,444,448, 

457,  478-480,  483,  512. 
Pickling  bars,  438. 
Plotting,  448. 

Preparation  of  leys,  411-426 — see 
a/«o  Alkali,  Alkalinity,  Caus- 
ticising,  Potash,  Soda. 
,,      calculation  of  quantity  re- 
quisite for  saponification, 
421-426. 
Kemelting,  441-443,  478. 
Running  ofif  spent  leys,  428,  432, 

433,  469. 
Salting  out — see  supra  Graining. 
Slabbing  and  barring,  437, 444, 449. 
Stamping  tablets,  444,  445,  449. 
Stripping,  446. 
Tinting,  441,  479. 
Soapmaking,  raw  materials  for,  302, 

408-411. 
Soaps,  colonial,  509. 
,,      commercial     (manufacturer's, 
laundry,  &c.),  composition 
of,  by  analysis,  508-510. 
„      discoloration  of,  266, 356,  479. 
„      discoloured,  bleaching  of,  267. 
,,      ingredients   in    lubricating 

mixtures,  324-329. 
,,      jellifying  of,  485. 
, ,      manufacturers  —  see    Soaps, 

commercial. 
,,      metallic— tfee  Metallic  soaps. 
, ,      mixed,  formed  from  mixture  of 
acids  and  excess  of  alkali,  491. 
„      saltim^     out     from     solution 
(VVhitelaw)— ««€  Soapmak- 
ing (graining),  486. 
,,      solubility  in  water,  &c.,  485. 
„      toilet,  classification  of,  accord- 
ing to  free  alkali,  512. 
,,         „      comi)osition   of,    by 
analysis,  511. 
Soapsuds,  recovery  of  grease  from — 

see  Grease. 
Soap  test,  Clark's  (water  hardness), 

485,  508. 
Soda  ash,  410. 
„      ,,    causticising  —  see    Causti- 

cising. 
,,     caustic  (sodium  hydroxide),410. 
„  „     colour  test,  151,  153,  .352. 

„  ,,    effect    of    fusion    with 

(soda  lime)  —  see 
Hydrogen. 
,,  „     leys,  alkalinity  of,  414- 

416,  419,  420. 
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Sod»,   CAUitio  Icyn,  empIt^jTucnt  in 

If  „       ,t     |M(^iu4ratiun  of,  411- 

II  ,,       ,1     quantity       cquivA- 

lent  to  fata— *cc 
t'ak'ulatious. 

II  tt       ti     etoi'ftgo  fif,  412- 

II  „       ,»     v«u'ititiou<»f  ilfiisity 

of,  u  ith  toihjienL- 
turo,  4  Hi 

II  , ,     itiii  M 11  (i\  L'  til  r*?  of,  410. 

I,  II     tiio  in  iniiktng   waggon 

H  II      M  r«finiu^oiktM0.261. 

I,     oryntJiLH,  fiiAoil,  1180  in  oil  re- 
fining, *2mK 

,1     qutnlily  tqulvulMii  to  potMb, 

4m 
,,      iriul«»  British   custom   «s  to 
iilkRli»ity,  42(1 
Sodium  ciurlKiUAtc.  Action  on  potMh 
««Mp9,  iS&^49tK 
„      iw  *     '   ^  nt>rMit,  »[)<l 
I,      lit:  X  i^pmakiiig, 

V.    .  .,  s  i.a,  4(ia 
,»       Ivys   Alkaliuity  of,   4 IS 

T  N,-  t  *-HU»titi  90(l4k 


Sodkn  s .. 
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Solvente,  extraction  of  oils  by  i 

of,  114,  231  244,  303. 

„        for  oik,  &c.  —^e  Solubility. 

,,        oik  used  as,  for  odorons 

matters,  302. 
,,        treatineatof  wool  with,337» 
Souch^ro,  adulteration  of  olive  oil,34o, 
Soxhlot's  tube.  119,  238. 

,,  mod  ideations  of,  239. 

tSpocific  gravity  of  alkaline  leys,  415- 
419. 
,,        caustic  soiia,  effect  of 
temperature  on,  416* 
„         lubricatini;  oils,  325. 
„         oils*  &c.»  t6  94,  341- 
f,        ,1  effect  of  light  on.  130. 
}i         ,,         ,,       temperature 
on,  79.  92-94, 
Specilio  temperature  reaction,  149. 
Spectroscope,  absorption,  50. 
Spenn»ceti,  4,  14.  21.  292,  302.  353, 
a59  36l. 
„  addetl  to  «ioAp«,  448» 

I,  aaoltermtions  of,  360. 

II  eitadlee — «fe  Cftodlet 

,,,  '  -i  ined  from  oils 

awIudos,293, 

;;iM.  :;'iL 

*:  .     ,  L^-  30K 

II  tr^         :s  lie   Akohol    1A| 

!!!■.  ::i.  mu 

^  i  I'-'irptJnoo^  183L 

M  r  >»!,  960* 
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stannic  chloride,  colour  test,  151. 
Starch  as  adulterant  of  beeswax,  359. 
„  „    fats,  123,  307, 355. 

Starch  in  soft  soap,  459. 
Steam,  distillation  with — see  Distilla- 
tion. 
,.      dry,  428-43.3.  459. 
„      kettles  heated  by,  428,  432, 

4,33,  441,  452,  459. 
,,      twirl  (Morfit's) — see  Morfit. 
„      wet,  428-433,  459. 
Stearic  aldehyde,  1 4. 
Stearin  (stearic  triglyceride),  4,  11, 

110,  285. 
Stearine,  beef,  307,  309. 

, ,        candle — Sf-e  Candle  stearine. 

,,        candles — see  Candles. 

„        cokcrnut,  91,  92,  231,  283, 

305,  363. 
,,  ,,        use  for  nigh tlights, 

candles,  &c.,  363, 
.364,  407. 
cotton  seed,  91,   184,   230, 
295,   304,  303, 
307,  354. 
„  ,,    Bocallcd,  from  distilla- 

tion of  foots,  262, 305. 
,,         French,  3G5. 
,,        lard    (solar    stearine),    93, 

231,  .307. 
„        olive,  230. 
,,         tallow  (pressed  tallow),  231, 

3'Jl,  407. 
„         yield  from  ox  fat,  311,  312. 
Stearines  (commercial  products),  88, 
91-0,3,  2.30,  28.5. 
distilled,  110,  262,  277,  305, 
324. 
„  ,,        adulteration  of 

tallow  with,  355. 
„  ,,         from  cotton  seed 

foots,  262,  305. 
,,  ,,         from       Yorkshire 

grease,  277.  355. 
„  ,,        useinsoapmaking, 

450. 
,,        expressed  from  natural  oils, 
&c.,  110.229,257, 
305,  309,  407. 
„  , ,         Uiied  as  lar<l  adul- 

terants, .307. 
„  ,,  ,,       as    tallow 

adulterants,  354. 
f,        from  animal  oils  and  fats, 
230,231,307,  311. 
Stoarolactone,  30. 39, 143,262,273,384. 
, ,  correction  for  presence 

of,  170,  273. 
Stearyl  cyanide,  21. 


Steatite  added  to  soft  soap,  459. 

„       (antifriction),  324. 
Stein,  Berg^,  and  de  lioubidz,  sul- 
phurous acid  jirocess,  380. 
Stereochemical  isomerism,  29. 
Stills— ««c  Distillation. 
Stoddart,  nitric  acid  test,  140. 
Storax,  16,  19. 
Stripping  (soap),  446. 
Stronmer,  deusity  of  glycerol  solu- 
tion, 517. 
,,  refractive  index,  51. 

Stiircke,  Carnauba  wax  derivatives, 

18,  37. 
Substitution  derivatives,  bromo,  26- 
28,  30,  31, 34,  38, 
41,  42,  45,  176. 
,,  ,,  chloriodo,  177. 

„  ,,  chloro,  .30  32,267,364 

„  „  iodo,  26,  27,  30,  31, 

.38,   177  —  see  also 
Iodine  number. 
Sudcake,  272. 
Suds,    grease    recovered  from — see 

Grease. 
Sugar   in    toilet    soaps  —  see    Soap, 
special  kiuds  (transparent). 
,,       test  for  sesame  oil,  &c.,  153, 
346  3.')2. 
Suet,  55,' 70,*  91,161,  164,  181,  298. 
Suint,  337. 

Sulphur,  adulterant  of  beeswax,  359. 
,,    caudles,  407. 

,,    chloride  reaction,  154-156,341. 
„    dioxide  (liquefied)  as  solvent, 

236. 
, ,        , ,         use  in  candle  stearine 

making,  369, 370. 
,,    trioxide,  use  of,  in  bleaching 
oils,  264. 
Sulphuric  acid,  action  on  jelycerol,  144. 
,,  „    isoleic  acid,  38. 

„  „    oleic  acid,  27,  29. 

,,  ,,    olein  and   ricin- 

olcin— «€€  Oils 
(Turkey  red). 
,,    colour  reactions  with  oils, 
151-15.3,294,341,352,354. 
,,    decomjwsing  rock  by,  366. 
„     heat  evolved  by — see  Oils 

(heat  evolution). 
„     preparation  of,  of  constant 

strength,  148. 
,,     presence  of,  in  oils, &c.,  123. 
,,     reaction  with    cholesterol 

and  allied  Iwdies,  17. 
„     refining  with,  12.3, 255,  259. 
„     removal  of  lime  salts  from 
bonefat  by,  256. 
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Sulphuric  acid,  saponification  by,143» 

Tftllow  oil— ««  Oil  (tatlow). 

146,  -MO-'SS-L 

„      rancid,     ckanaing    of  —  «ee 

,,    test  for    liy^lrocarbona  in 

Rancid. 

beeswax,  359. 

„      Reichert  number,  175. 

1                              „     use    of,    in    finishing   hot 

„      relative  viscosity,  102-105» 

presa  cake,  MH. 

„       rendering,  246-251, 

,»      „  inrenfleriugtallow/249. 

J,       »a]K>nification  equivalent  and 

,,      „  ia     Yorkshire     greaa* 

total    acid    number,    Iq% 

process,  27  L 

161.  3.55, 

Sulphnpised  constituenta  of  dU,  123, 

„      specific  gra\ity,  8S-93,  355. 

154. 

,,      stearine  —  see    Sfccarine 

SulpburotiB  acid  as  bleaching  agent » 

(tallow). 

264. 

,p      unftaponifiable     matter* 

^»            .,  saponilying  agent, 3S0. 

present  in,  257. 

Sumbul  root,  25. 

„       ujse  of,    in  lubricating  mix- 
tnres,  Ac,  322-328,  350. 

Summer  oils — tee  Oils,  snmmer. 

„        railway  grease,  3*J7. 

,,         „    in  Boapmaking,  350,  40S 

Snperheateil  steam — stc    Distillation 

— «f<?  Soapmaking. 

(with  superheat<id  ateaiii). 

„      valuation    of,    by    Dalican's 

SuapeiidtjJ  mfittera,  action  of,  in  re* 

method,  74,  3.55. 

moving  miicilaife,  255. 

,,               „         de    Scheppef    and 

,,      in  solid  fnta,  Ac,  12.^,  341. 

Gettcl^s  t^ibles,  76. 

„      removal  of,  from  oils,   &c*, 

Tallows,  vegetable — see  Batten,  vege* 

228,  254  2.HI 

table.                                                    ^M 

SuBtainer  for  night  lights,  406. 

Tannery  greaae,  299.                              ^M 

Sweetwater  (crude  glycerol  solution) 

Tannin,  use  of,  in  refining,  250|  268.    ^^M 

see  Glycerine  manufacture. 

Tapers,  389.                                         ^M 

Sycocerylie  alcohol,  16. 

Tar  as  hibricant — itx  Lubricanta.         ^^H 

Synthesis  of  glycerideti,  1  L 

Tarin.  36.                                                ^H 

Taste  of  oils,  &e,,  49,  341.                      ^ 

,^          improved  by  presence  of 

T 

free  acid,  116. 

Teal,  oil  bleaching,  2ii4, 

Temperature  of  com[»lete  fusion,  CL 

,,       hydrostatic  balance,  83,  84, 

f,      of  incipient  fution,  02. 

Tablets  l^imp),  cutting  ikiid  stamping, 

J,      of  turbidity  (Valenta'a  teat). 

444. 

55-57. 

T&llow  (ox   tallow,   mutton   tallow; 

„      reaction,  specific,  149. 

ox,  shoep^   kc. ,  fat ;    heef 

„      variation  of  specific  gravity 

fat),  X  21,  55,  56,  295,  299, 

with,  92-94,  416. 

303,  :Vll,U22,354. 

„        „    viscosity  with,  102-106. 

, ,       »dulten\tinii  of,  1 23,  258.  354- 

Tempering  metals  in  oil  baths,  302. 

350,  370. 

Testing  machines,  viscosity,  94, 

„       bleftcbing  of.  264-266. 

Tetrabromide«,  31,  34,  30,  170. 

„       candles— *ce  Candles  (tallow). 

Tetracctyl  derivative,  35. 

, ,       different  varieties  ofp  3.54. 

Tetrachloride  of  carbon— ^e«  Carbon, 

,,       engine,  324. 

Tetraiodides,  31. 

„       tiaahing  point,  128. 

Tcxtde  fabrics,  oil  med  in  prepara- 

,j      free  fatty  acida  present  in, 

tion  of,  270,  272,  270.  302. 

355,  350. 

Texture,  physiad.of  oils,  Ac.  47, 34K 

,,       iodine  number,  1  SI  184.  356. 

llienard  process  (oU  refining),  259. 

„                „            uiefnl  as  test  of 

Thermal  arieometer,  Langlet'8,82,347, 

quality,  356. 

Thenneleometer,  Jean's,  151. 

„      melting  point,  68,  69,  355. 

Therniohydrometer,  Fletcher's,  80» 

,1                ,,            of    fatty   acids 

Thermometric  scalet,  57. 

from,    6U'71, 

Thiocyanic  ethers,  15,  123. 

74  76. 

Thomson  and  Ballantync,  blown  otli. 

,,      neutralisation     nundjer     of 

320.                         ^ 

f»tty  acide  from,  1G4. 

iodine  namber8,180L  ^^M 
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ThomBon  and  Ballantyne,  iodine  nuni- 
bera  of  linseed  oil, 
180,  351. 
,,  ,,    specific  temperature 

reaction,  149,349. 
„  ,,    unsaponifiable  mat- 

ters, 259. 
„  „    Valenta's  test,  57. 

Thousandfold  scale  of  specific  gravity, 

83,84. 
Thun,  fractional  saturation,  13. 
,,      free  acids  formed  by  hydro- 
lysis, 12. 
Thymol, 

Tiighmann,   hydrolysis  under  pres- 
sure. 385. 
„  soapmaking  under  pres- 

sure, 463. 
Time  of  efflux— «c€  Viscosity. 
Titration,  23,  116,  161, 168, 173,  32.3, 
328,  352,  359,  420— «cc 
cUno  Soap  analysis. 
,,        acetyl  number,  198. 
„        of  alkaline  leys  preferable 
to  density  valuation,420. 
„        test,  fatty  acid — sfe  Soap 
analysis  (determination 
of  free  alkali). 
Toluene  (solvent  for  wax  in  soap),  496. 
Tomlinson,  cohesion  iigures,  345. 
Torches,  312,  362. 

Total    acid    number    (saponification 
number,  Koettstorfer  number),  33, 
157,  168,  194,  .341. 
Transparent  soap — see  Soapmaking, 
Soap     (special    kinds),     Colloidal 
state  of  soap. 
Traube,  friction  in  tubes,  109. 
Triacetin,  8,  186. 
Triglycerides,  9. 

,,  synthesis  of,  11. 

Triglycerol,  8. 

Tunnermunn,  specific  gravity  of  alka- 
line leys,  415,  417. 
Turkey  fat,  298. 

,,    re<l  oils— *ce  Oils  (Turkey  red). 
Turpentine — wfi  Oil  (turpentine). 
Turpentine,  crude  (Meinecke's  rosin 

soap),  473. 
Turtle  fat,  299. 

Twaddell,  hydrometer  scale,  84,  86. 
Twitchell,  rosin  in  soap,  503,  504. 


UxiT  mill  (Anglo-American  system), 

217. 
Unsaponifiable  matters  contained  in 
oils,  &c^  116, 257,  258, 341,  355. 


Unsaponifiable    matters    in    candle 
stearine  products,  371-374. 
,,    in  Yorkshire  grease,  273-279. 
,a    determination  of,  119-124. 
9,    proportions  usually  present  in 
oils,  257,  258. 
„  „        in  soaps,  258. 

Unsaponified  fat,  amount  less  with 
longer  time,  373. 
„  in  red  oils,  370, 

377-379. 
„  in  rock,  371-374. 

,,  in  separation 

cakes  and  press 
cakes,  376-379. 
„  in  soap,  119,371. 

„  interferes       with 

crystallisationy370. 
Unsaturated  compounds,  acids,  24. 
,,  alcohols,  15. 

,,  hvdrocarbons,  3, 

24,  26. 
,,  oxidation  of,  44. 

Unguents  in  toilet  soaiis,  448. 

,,      lanolin  preparations  as,  338. 
,,      oils  used  for,  302. 
Ure,  soft  soap  analyses,  510. 
Urine,  damaluric  acid  from,  25. 
Utilisation  of  fat  of  an  ox,  311. 

,f  red  oils — see  Red  oils. 


Valenta's  test— see  Acid  (acetic). 
Valerin  (valeric  triglyceride),  20, 301. 
Vapour  bath,  Ambuhr?,  80. 
Varnish  making,  .302. 
Variation  of  constitaents  of  oils  with 
soil,  climate,  &c..  111. 
„  density   with    tempera- 

ture— see  Expansion. 
Vaseline,  91. 

, ,        in  soaps,  448. 
Vegetable  alkali,  410. 

M         fats,  butters,  and  tallows 
— see  liutters  (vegetable). 
,,         lard— ««e  Lard. 
Versmann,    glycerine    manufacture, 

515. 
Villavecchia   and   Fabris,    test    for 
scsamdoil,  346. 
„  „    viscosity,  icid. 

Vincent,  boiling  oils,  317. 
Viscidity  of  oils  increased  by  blowing, 

164— wf  Oils  (blown). 
Viscosimetry,  94-109. 
Viscosity  (body),  47,  94,  101. 
„    degree,  102. 
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Viicosity.  detcrniiniition  in  absolute 

Waxes,  animal  and  vegetAble —                   ^ 

measure,  107. 

Abyssinian,     African,    AndaquU,          J 

„     effect  of  light  on,  131. 

AntiUes,  302.                                     ^M 

„     efflux.  48,94-106,  324-326,341. 

Beeswax,  4,  14,  21,  357'35(».               ^M 

„    of  oils  increased  by  addition 

4,     addition  of  fatty  matter  or   ^^H 

of  caniituhouc,  323. 

oil  of  turpentine  focilitatea    ^^M 

,,            „      by  blowing,  320. 

1,            ,,      by     metallic    soaps. 

air  bleaching,  268, 269, 358*    ^M 

„     adiilterationaof,  350.                      V 

121,  324. 

,,     air  bleaching,  264,  26S,  357.           1 

„        atandarils  of,  lOL 

.35a                                     1 

Voelcker.   amoiint  of  oil  in  linaeed 

„           ,,  produces  little  change           1 

eake,  213. 

in  density,  .358,                  1 

Volatile  acid  numl^er,  ITG,  105,  341. 

„     bibliography  of,  3.39.                        1 
,,     bleached  by  chlorine  apt  t€>     ^M 

„       acids,  22,  113. 

„           ,,      detenninaiioti    of— »€e 

contain  chlorosubatitution    ^^H 

Keichert  %esU 

products,  267,  364,  390.         ^H 

Volatility  of  lubricating  oils,  325.        ' 

„     bleach int;  by  chemical  pm*     ^^t 

Vulcauiaiog,  154.  31 S. 

cesses.  264-267,  357.           1 

„               increases    total    acid    ^^M 

number,  and  renders   ^^M 

w 

more    crystalline,    ^^H 

2(iO,  269,  364                 ^M 

Waooon  grease— #ee  Lubricauta. 

,,    bromine  ah  sorption,  178*         ^^| 

Wftgner,  refining  witli  zinc  cbloride, 

,,    class,  282,  301,  302,                 ^M 

260. 

,^    e^tcr  number,  35S.                  ^^H 

„      mU  concerning  oxidation,  44 

free  acid  number,  35v^.            ^^H 

Wakefield  iat—fiet  Yorkshire  grease. 

,,     fusing  point,  68,  69,  358;.         ^^H 

Walton,  Hnoleuro  manufacture,  318. 

,,     iodine  numWr,  269.  358.        ^B 

Wauklyn,  aUle|)alinitic  acid,  24. 

,1     iodine   number   diminished 

„         and  Fox*  ^dyceriue  valua- 

by chemical  bleaching,  269. 

tion,  f)19. 

„     preparation  of  201,  357. 

Warreo,  sulphurchlorideandoila,  155, 

„     aaponiilcation       equivalent 

WaabbalU  faoap),  448. 

and    total    acid    number^ 

Waste  cleaDBing-— #<»€  Engine  waste. 

160,  209. 

Water,   action  of,  on  silver  brorao* 

,,     solubility  in  solvcnta,  357- 

»tL>arate,  25,  30. 

»,     8pecilic  gravity,  8«,  91-93, 

,,        agitation  with,  aa  purifying 

358. 

ageut,  2()L 

,,     virgin,  357.                               ^M 

,,        as  Btandard  for  efllnx  velo- 

Caruaul>a  wax,  14,  2h  301.               ^H 

eity,  101. 

,,       an  oxyaoutic  acid  from^ 

,,                   ,,           forsiwcific  tein- 

37. 

peratiire  rcflctiun,  14i>,  150. 

„       brmnine  absorption,  17S* 

„        contained  in  bcvswax,  359 

,,        clas^.^,  282,  -301. 

„                  „        ods,  122  124,341. 

»i        glycol  from,  5,  18. 

,,        hot,  eitpaction  of  vegetable 

,,        sa  touiHcation    equiva- 

oils, &c, , by  njeana  of, 

lent,  100. 

200-202, 

,,        specific  gravity,  91. 

„          „     renrlering  animal  fata, 

,,        ujieil  as  beeswax  adul- 

&c., witb,  247. 

terant,  359. 

,,        iolubility  in — Ate  Solubility, 

Chineaewax(Pth  la),  14,21,91,302. 

Water  bath  for  melting  points,  G0-i>4. 

„           extraction     by     hot 

f>        »»         specific  gravity,  ^0, 

water  process,  201. 

,,        ,,         viarosiuietry,  95-101. 

Cordillera  wax,  301, 

Watt,  bichromate  bleaching  process, 

Cowtrcc  wax,  301. 

26-1, 

FicuB  wax,  (tig  wax,  Getah  wax). 

,,     chloride  of  soda  bleachiug  pro- 

14,  301.                                             ^ 

cts>s  for  soaps,  2G7. 

Indian  Max  (Arjun  wax),  302.           ^^H 

Watta— w^  liiehardaon  and  Watts. 

Japaueac  wax.  5,  21,  295.                   ^M 

Wax  oondlei— «ee  Candles. 

.,  ..,„.g 

^^^^^^^^ 
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Waxes,  animal  and  vegetable- 
Japanese  wax  contains  practically 
no  olein,  295. 
,,       fusing  point,  68-71. 
,,       iodine  number,  181-184. 
, ,       puriHcation  and  bleach- 
ing, 208. 
,,       saponitication    equiva- 
lent and   total  acid 
number,  160. 
, ,        Bolubi  li ty  in  alcohol,  55. 
,,       specific  gravity,  88,  91- 

93. 
„       unsaponitiable    matter 

contained  in,  257. 
„       yield  of,  242. 
Myrtle  wax,  71,  91, 178,  295. 
Niin  wax  (niin  fat),  302. 
Ocuba  wax,  243,  295. 
Otoba  wax,  295. 
Palm  wax,  301. 
Paraffin  wax,  2,  5,  21,  91-93. 

„     adulterant  of  bees  wax  and 

spermaceti,  359,361. 
„     as    candle  material — see 

Candles. 
„     manufacture  of,  230,  364. 
Pe-Ia   (Peh-la,    Pe-lah)  wax  — »<•« 

supra,  Chinese  wax. 
Pethawax,  301. 

Spermaceti  wax— «€«  Spermaceti. 
Ucuba  wax,  295. 
Waxes,  free  alcohols  in,  114,  116. 
„       general  nature  of,  1. 
» »      gly  ceridic  and  non-gly  ceridic, 

3-5,  282,  301,  302. 
„      liquid,  6. 
.^^  „      mmeral  (earth wax) — see  Ozo- 
kerite. 
„      mostly  indigestible,  303. 
„      used  as  spermaceti  adulter- 
ants, 361. 
»»      vegetable,  hot  water  process 
of  preparation,  201. 
Waxy  matters,  separation  from  oils, 

119. 
Wedge  presses,  199,  203. 

„  Chinese,  200. 

Wenssell,  expansion,  93. 
Werner,  oxyoleatcs,  332. 
Westphal,  hydrostatic  balance,  79,80. 
Wet  steam— «c€  Steam. 
Whale   blubber,    extraction   of   oil 

from,  247. 
Whales,  toothed,  yield  most  sper- 
maceti, 293,  300,  301. 
Whitelaw,  salting  out  soap,  486. 
Whitelead  in  paint,  1.^5. 
Whiting,  adulterant  of  tallow,  355. 


Wicks,  312,  362,  363,  394. 

„      charring  of,  116,  260,  313. 
„      Palmer^  metallic,  394. 
„      pickling,  394. 
Wilde,  de,  and  Keichlcr,  conversion 

of  oleic  into  stearic  acid,  387. 
Wilson,  acetyl  number,  188,  335. 
,,       analysis  of  Turkey  red  oils, 

333-335. 
„       soap  analysis,  495,  499. 
,,       viscosity,  102. 
,,       water  in  soap,  495. 
Wilson    and   Payne,   hydrolysis  by 

superheated  water,  385. 
Wilson's  process   (preparing  candle 
material ),  262, 380, 334. 
„  ,,   (tallow  rendering),  250. 

Wimmell,  melting  points,  68. 
Winter  oils— «««  Oils  (winter). 

„      railway  grease,  327. 
Wire  (soap  cutting),  437. 
Wollny,  Keichert  number,  53,  175. 
Wool  cleansing,  wool  scouring,   271, 
:i37,  338. 
,,  ,,  injurious  effect  of 

alkaline      and 
silicated  soaps 
—  see     Soap, 
alkaliue ;  Soap 
(special  kinds), 
silicated. 
Wool  fat,  analysis  of,  270. 
Woolgrease,  3,  70,  161,  182,  184,  299, 
.302,  337,  401- ^ec  York- 
shire grease;  Lanolin. 
„         clTect  on  soap,  258. 
,,        tallow    a<lultoratcd    with, 
258,  .354.  :^69. 
Wool  oil  (from  Yorkshire  grease  dis- 
tillation), 279. 
Wright,  Alder  (author),  analyses  of 
manufacturers'  and  toilet 
.soaps,  508  512. 
analysis  of  rock,  stearine 
cakes,     red     oils,     &c.» 
371-375. 
analysis  of  soap  (free  alkali). 

500. 
autoclave  experiments,  373. 
Cantor  lectures,  487,  512, 

523. 
classification  of  soaps  ac- 
cording to  alkalinity,  512. 
dealkalising  process,  453, 

461,  484. 
glycerine  valuation,  523. 
hydrolysis  of  soap  solutions, 

487. 
methoxyl  test,  192. 
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Wright,  Aider,  use  of  iodine  number 

in  tallow  vahiation,  fi5ii,  375. 
Wright  (Alder)  and  Muirhead,  zinc 

chloride  and  oIIb,  14L 
Wdght  (Alder)  ami  Thompson,  chem- 
istry of  soap, 
4904JJ2, 
91  n       GUdding's  pro- 

cess^ ^►02, 
ft  91      hytirolyais      of 

soap,  487* 
gp  ,,       systematic  soap 

auulysi%494^ 


XrLBKOL,  IG. 


X 


Yellow  ochre,  beeswax  adulterimt* 

Yield  of  fatty  acids  from  oila^  &a, 
74,  im. 
,,      fatty  matter  from  se^ds,  ntits, 
bean*.  .Ic,  /24 1  1*44,  ^48, 35 1 . 
„      glycerol  from  oi  Is,  iS:  c, ,  75, 1  (>*J. 
,,      solid  atearine,  3ti8. 
Yorkshire  grease.  110,  271*279,  324. 
f ,  adul teration  of  t :il  lo w  wi t U , 

258,  354. 
,,    amount    of    nnaaponiJiable 
matters     increases    wdth 
the  density »  277* 


Yorkshire  grease,  analysis  of,  273. 
„   distillation  of.  277,  383. 
,,  hydrocarbona   in   distilled^ 

202. 
,p  in j  uriotu  eOect  on  loap,  258, 


Zeisel's  teat— j«!«  MotJiyl  number, 
Zinc  and   hydrochloric   acid,  as  de- 
chlorinisin^  agents,  3o.  3C. 
,,    chloride^  action  ou  oils,  141,  142, 

153, 
,,        „         action  oa  oleic  acid,  3D, 

142.  262.  3S«, 
,,        „         colour  test,  153.  34 L 
„        «|         refining  by  moftus  of, 

253,  260, 
,,    duRt,   as  dechlorini^g  Amit, 

27,  31. 
J,    i^oleate,  3(>. 
^,    oxide  (antifriction),  .H2S, 
„        II     iUi  saponifying  agent,  379, 

410,515. 
,^    salts,  Bf^paration  of  rapic  and 

enicic  acids  by,  41. 
„        ,,     use<l  in  retininj/2G2,  203. 
„    sulphate  (boiled  oihi),  2G2. 
„    Boapi  added  to  oila,  &c,,  12L 
,,    white,  in  painty  135. 
Ziirer,  con  v  erst  on  of  oleic  into  stearic 
acid,  dSir. 


aux  Avn  sAiXi  LiMtTti»,  panrrvu,  o^amow. 


A  Selection  from  diaries  Griffin  it  Co,^8  Catalogue. 


Griffin's  Chemical  and  Teclinological  Publications. 

Agrricultural  Chemistry, . 

Prof.  J.  M.  H.  Munro, 

Cements,     .... 

G.  R.  Redgrave, 

Dairy  Chemistry, 

H.  D.  Richmond, 

Dyeing,       .... 

Knecht  and  Rawson, 

45/ 

Electro-Metallurgy, 

W.  G.  M'Millan,      . 

10/6 

Foods,  Analysis  of,  . 

Wynter  Blyth, 

16/ 

Oils,  Soaps,  Candles, 

Dr.  Alder  Wright,  . 

28/ 

Painters'  Colours,  Varnishes 

,  G.  H.  Hurst,     . 

12/6 

Petroleum, 

BovERTON  Redwood,  . 

Photography,    .       . 

A.  Brothers, 

18/ 

Poisons,  Detection  of. 

Wynter  Blyth, 

16/ 

Griffin's  Standard   Publications 


VOB 


GEOLOGISTS,  MIN£-MANAG£BS,  AND  METALLURGISTS. 


Geology  (Stratigrraphical) 

1,        R.  Etheridge,    . 

34/ 

(Physical), 

Prop.  Seeley,     . 

18/ 

„           (Practical), 

Prof.  Cole, 

10/6 

Mine-Surveyingr, 

B.  H.  Brough,   . 

7/6 

mining.  Coal 

H.  W.  Hughes, 

18/ 

„      Ore  and  Stone, 

Prop.  Le  Neve  Foster 

> 

Blasting  and  Explosives, 

0.    GUTTMANN,      . 

10/6 

Assaying,    . 

C.  k  J.  J.  Berikger, 

10/6 

Metallurgy, 

Phillips  and  Bauerman, 

36/ 

„    (Introduction  to), 

Prop.  Roberts-Austen, 

Copper,  Metallurgy  of. 

Thos.  Gibe, 

Gold, 

T.  K.  Rose, 

Iron  and  Steel,  „ 

Prop.  Turner,    . 

Alloys,        .       .       .       , 

Prof.  Roberts- Austen, 
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A  Selection  from  Cluirles  Griffin  &  Co*9  Caiaio^He. 

PHOTOGRAPHY: 

nS  HISTORY,  PROCESSES,  APPARATUS,  AND  MATERIALS. 

COMPKISINC 

WORKING  DETAILS  OF  EL  THE  MORE  IMPORTART  METHODS. 

Bv   A,    BROTHERS,   RR.A.S. 

tr/T/r  TH'ENTV-FOUR  FULL  PACE  PLATES  BV  MAXV  OF  THE  PRO- 
CESSES DESCKIBED,  AND  iLLUSTRATlONS  IN  THE  TEXT. 

In  Svo,  HamUomi  Ciaih,    Price  i&. 


GENEEAL  CONTENTS. 

Part.  1,  I NTRODUcroRY— Historical  Sketch;  Chemistry  and  Optics 
of  Photography ;  Artificial  Light  ( Electric  and  Oxyhydrogcn  Light, 
Compressed  Gas,  EthoxO'Limclight,  Magnesium  Light,  &.c,) 

Part  IL  Photographic  Processes,  New  and  Old,  with  special 
reference  lo  their  relative  Practical  Usefulness. 

Part  III.  Apparatus  employed  in  Photography. 

Part  IV.  Materials  employed  in  Photography, 

Part  V.  Applications  of  Photography  j  Practical  Hints* 


"  Mr.  Brothers  h«  had  an  c«perience  fn  Phototgraphy  so  larfc  aadi  vaned  that  any  work 
by  him  cajiDoi  fail  to  be  interesting^  and  v>lii»bl&  ...  A  most  coMPitJCHKNStVB  volujne, 
entering  with  full  detaih  into  the  vanoua  processes,  and  vk«v  fvLlv  illu^rrated.  The 
mACTicAU  inMT&  sire  of  GHKAT  VALINE,  .  .  .  Admirably  jot  up."— J? W/./iPirr.  i5^/*Aj>/'<«jr^idr/Ajr. 

*'  For  the  fnustrations  aJooe,  the  book  is  tnosi  interesting ;  but,  apart  from  theses  the 
volume  i*  valuable,  bngbily  and  plea&arttJy  written,  and  most  ADMTRAaLV  AitltAMGao.**^ 
Pkoio^ntfikk  NrwK 

''Certainly  the  riKKST  illustratkd  HAKDZiortK  to  Photogtaphy  which  has  ever  beea 
publi-ihed.  Wc  have  three  Photogmvaires,  four  Collotypes,  one  Chromo- Collotype,  numeroos 
lilock«r  Photo- Chromo-Typograph,  Chromo-Lithograpnt  Woodbury-Type,  and  Woodbury- 
Giavure  Prints,  besides  mAny  others.  ...  A  worlc  which  should  be  on  dl«  refereooe 
shelves  of  every  Photographic  Society." — Amateur  Phatfigraf^ktr^ 

*'  This  really  important  handbook  of  Photography  .  .  »  the  result  of  wide 
eicperience  ...  a  manual  of  the  bexl  cla-v^  .  .  .  As  an  aJDum  of  examples  of 
photographic  reproduction  aloae,  the  book  is  not  dear  at  the  price.  ...  A  handbook  so 
far  in  advance  of  most  others,  that  the  Photographer  must  not  fail  Co  obtaia  a  copy  as  a 
reference  work." — Phato^rapt^c  W^srrk. 

**The  CDMi-LKTtisT  t{AKDiiooK  of  the  art  which  has  yet  been  publUhed.  There  is  no 
proems  or  form  of  apparatus  which  is  not  deM:ribed  and  eirpUined.  The  beautiful  pUtes 
given  as  eaamptes  of  the  different  processes  are  a  siiectal  feature."— »SV<*/jj»m*. 

'*  Proces«t  are  described  which  cannot  be  found  elsewhere,  at  all  events  in  so  coovenieol 
and  complete  a  form,*"— JF^^/ZjA  Afrchanic. 

**The  chapter  on  fhactjcal  HrwTS  will  prove  iitvaluaiilb.  Mr.  Broihetm  it  certalaly 
to  be  congratulated  on  the  TMoaoucMNtM  of  his  witrk.**'- Dmily  Cki^micit, 


LONDON  r  EXETER  STREET,  STRAND. 


A  Selection /ram  Charles  Griffin  <t  Co.*8  Catalogue. 

ASSAYING   (A  Text-Book  of): 

For  the  i/se  of  Students,  Mine  Managers,  Assayers,  dc 


C.  BERINGER,  F.I.C,  F.C.S., 

Late  Chief  Assayer  to  tlie  Rio  Tinto  Copper  Company,  Londcm, 


J.  J.   BERINGER,   F.I.C,  F.C.S., 

Public  Analyst  for,  and  Lecturer  to  tlie  Mining  Association  of,  ComwaO. 

With  numerous  Tables  and  Illustrations.     Crown  8vo.     Cloth,  io/6k 
Second  Edition;  Revised. 


General  Contents. 

Part  I —Introductory ;  Manipulation:  Sampling;  Drying;  Calculation  of  Re- 
solts— Laboratory-books  and  Reports.  Methods:  Dry  Gravimetnc;  Wet  Gravimetric- 
Volumetric  Assays:  Titrometric,  Colorimetric,  Gasometric — Weighing  and  Measurini^— 
Reagents— Formulae,  Equations,  &c.— Specific  Gravity. 

Part  II.— Metals  :  Detection  and  Assay  of  Silver,  Gold,  Platintun,  Mercury,  Copper, 
Lead,  Thallium,  Bismuth,  Antimony,  Iron,  Nickel,  Cobsdt,  Zinc,  Cadmium,  Tin,  Tungsten, 
Titanium,  Manganese,  Chromium,  &c— Earths,  Alkalies. 

Part  III.— Non-Metals:  Oxygen  and  Oxides;  The  Halogens — Sulphur  and  Sul- 
phates—Arsenic, Phosphorus,  Nitrogen— Silicon,  Carbon,  Boron. 

w4//Mu&r.~Various  Tables  useful  to  the  Analjrst- 


"A  really  meritorious  work,  that  may  be  safely  depended  upon  either  for  systematic 
instruction  or  for  reference." — Nature. 

**  Of  the  fitness  of  the  authors  for  the  task  they  have  undertaken,  there  can  be  no  qne^ 
Cion.  .  .  .  Their  book  admirably  fulfils  its  purpose.  .  .  .  The  resulu  given  of 
an  exhaustive  series  of  experiments  made  by  the  authors,  showing  the  eflects  of  varying 
conditions  on  the  accuracy  of  the  method  employed,  are  of  the  utmost  importance."— 
Imdiuirurs. 

"A  very  good  feature  of  the  book  is  that  the  authors  give  reliable  information,  mostly 
based  on  practical  experience."— .£Mi/-iW^rM/; 

**  This  work  is  one  of  the  best  of  its  kind.  .  .  .  Essentially  of  a  practical  character. 
.  .  .  Contains  all  the  information  that  the  Assayer  will  find  necessary  in  the  f¥«minalinB 
of  minerals.  "—Engifuer. 

LONDON:  EXETER  STREET,  STRAND. 


A  Sdectkmjrom  Charles  Griffin  S  Co*8  Caioiogue. 

ELECTRO- METALLURGY  (A  Treatise  on): 

Embraciug  the  Appliavtion  of  Electrolysis  to  the  Plating,  Depoeitmg, 
Smolting,  and  iletiniti^  of  various  Met^ils,  and  to  the  Repro- 
duction of  Printing  Sur!a,cea  and  Art- Work,  Ac. 

By    WALTER  G.    MCMILLAN,    FJ.C,    F.C.S,, 

f^fmiti  and  Mftattittgift  to  iht  Coisipore  Foufdrt/  and  *SMt-Ftciitnf: 


With  numerous  lUuatrations.     Large  Crown  8vo, 


r  Late  Dvnomttrator 


Cloth,  IOb.  $d. 


GeS'KRAL  Coktknts.— Introductory— Sources  of  Current— General  Condiiinna 
to  b«  obierved  in  Electro-Pkting— Plating  Adjuocts  and  DlspOiaitioti  of  Plant— 
Cl^AHsing  and  Prepttiration  of  Work  for  the  Depositing* Vat,  and  Siib«equeot  Polkhiog^ 
of  Plated  Goods — Kkctro- Deposition  of  Copper — KiectrtHvpini; — Ei«etro-t>«po8iC]oil 
of  ijihtr^f  Gold— of  Nickel  and  Cobalt— ot  iron — of  PUcinum,  Zinc,  Cadmioiiif 
Tin*  Lead,  Aatiniony,  and  Bisnuitbj  Klectro-chroror— Electrtt'Pepoaition  of  Allo7«—  < 
Kle^tro-MeiAllurjE^ieal  Extraction  and  Ketining  Procestea  —  Iticovenr  of  oercaiii 
MetalM  from  their  Solutions  or  VVAnto  Suh»ianeeii— Dtrtcrmination  of  the  Proportion 
of  Metal  in  cert u in  Depo^iting  Solutioas— Appendix.  i 

"This  excellent  treatise,  .  .  ,  one  of  the  B£3T  and  uosrr  complitx 
manuals  hitherto  published  on  Electro*Mctallurgy. '^—^/ecfriea/  Jtevitw, 

"  This  work  will  be  a  standard."— Jefrci/er, 

**Any  metallurgical  }>Toces8  which  reuoces  the  coij^t  of  production 
muflt  of  nejesiBity  prove  of  great  commercial  importance,  .  ,  .  W» 
recommend  this  manual  to  ALL  who  are  interested  in  the  rsLAcncAMm 
APPLiCATJox  of  electrolytic  proceasefl*" — Nature. 


Sbosxb  Eomojf,     Enlarged,  and  very  fully  lUustraUd.     Cloth^  4b.  6d. 

STEAM  -  BOI  LERSi 

THEIR    DEFECTS,    MANAGEMENT,    AND    CONSTRUCTION, 

By    R    D.     MUNEO, 

Engineer  qfthe  ScttttiaA  Boiler  JtuuraHft  and  Enffinf  In^jmiion  Company. 
This  work,  written  chietly  to  meet  the  wants  of  Mechanica,  Eogine- 
keepera^  and  Boiler-attendant«i,  also  coutaios  informatioii  of  the  first  imjxirt- 
ance  to  every  user  of  Steiini- power.    It  is  a  practical  work  written  for  prac- 
tical men^  the  liuigu&ge  and  rules  beinj^  throughout  of  the  simplest  nature. 


Gesekai*  Co ntknts*— Explosions  caused  by  Overheating  of  Plates:  (o) 
Shortness  of  Water:  (fr)  Deposit— Explosiooa  oaosed  by  Defective  and 
Overloaded  Safety- Valves  -Area  of  Safety -Valves— Explosions  caused  by 
Corrosion— Explosions  caused  by  Defective  Design  and  Construction. 

'^  A  valualile  com}>ainiirj  for  workmen  and  engiDeers  eogai;ed  about  8t«aiii 
Boilers, ougUt  to  be  carefully  studied,  and  AJ.WATS  AT  n^-SH.^—ColL  Oaardian^ 

"  The  subjects  referred  to  are  handled  in  a  trustworthy,  clear,  and  praArtical  , 
manner     .     .      .     The  lK>ok  is  very  useful,  especially  to  stuun  uaen^ 
artwana,  and  young  engineers/*— A'rt;/i«cer. 


LONDON:  EXETER  STREET.  STRAND. 


A  Sdectionfrom  Clmrles  Griffin  <t"  Co.  *  Caialoffue, 


^*  Tbe  MOST  TAt.crA»t.K  KIM)  CFKrcTL  woitK  on  Drelntr  tltnt  ho  yet  «pp«areil  In  Ebe  Engliih 
lanfTunge  ,  .  .  likeij  to  bo  thk  Sxasuaku  Whjlk  ur  KEJricKtJic  t.  for  ytara  to  comi)^ — 
TexttU  Merctirjf, 


^ 


'^'^    In  Two  Large  8vo  Volumes.  920 

'        pp.,  with  a  SUPPLEMENTARY 

Volume,   containing  Specimens 

of   Dyed    Fabrics.     Handsome 

Cloth,  45s. 


MANUAL  OF  DYEING: 

FOR   WE  USE  Of  PRACTICAL    DYERS,   MAfiUFACTUBERS,  STUDENTS, 
AND  ALL  tmERESTED  ifi   THE  ART  OF  DYEiUG, 


BT 


E,  KNECHT,  Ph.D.,  FJ.C, 


CHB.  RAWSOK,  FIX.,  F.C.S., 


tbtj  Technical  JiiL(i.-J,  Kltitr-]ir«Ur;  iklltor  of  "Tb*         iha  Tc<'lmli2il  t'MUfljr*,  Br-ulforJ  ;   Utrnhnt  uf  Cuandi 

And  RICHARD  LOEWENTHAL,  Ph,D. 


Qksiral  Con tBKTS.— Chemical  Technology  of  tlio  Textile  Fabricg— 
Witer — Wftfihmg  and  Bleaching  —  Acids,  Alkalies,  Mordants ^ — Natyml 
Coloiiritjg  M at fcers ^Artificial  Organic  Colouring  Matters  — Mineral  Coloars 
— Machinerj'  used  in  Dyeiog — Tinctorial  Properties  of  Colouring  Matters — 
AnalyaiB  and  Valnation  of  Materials  used  in  Dyeing,  &c.,  Ac 

■*  This  iio&T  VAi  CADLJC  woiTK    .        .    will  bo  widely  appreciAted."'— CVmirrn;  AVwt. 

*'  This  autbortutlTo  and  frxbikiutUo  work  .  .  .  Ibe  mobt  completk  wo  b&ro  yet  a6«dB 
00  the  subject,"'— 7fcj-r tie  Ilantifaciurtr. 

*''  The  MOfiT  KxujLUftTtvR  and  ooitrjjtTs  woax  on  Ihe  subject  extant,**— 7lulll/«  J!ee«nlir. 

"*  ThQ  dlHtinguiBbed  Authors  huTB  pliieed,  in  tho  handn  or  thoee  daDy  eD^aged  In  tb«dje- 
houso  or  ifiboratury  a.  work  at  kxti<e)ix  va[.l-£  and  uxiMiLSTicit  mtiTT  .  .  .  appoalB 
qnickly  lo  the  tecbuntoKiBt,  colour  chemlat^  djer,  ond  more  parlicalKrly  to  iho  risluit  dyer 
of  Ibe  present  genanitloD.    A  book  wblcti  li.  ts*  ref reBiiinif  to  mtot  with.  '—Ametiean  Textiit 

LONDON  :  EXETER  STREET,  STRAND, 


A  Selection  from  Charles  Griffin  d:  Co,'' 8  Catalogit^, 
Wiih  Numerous  I/Iusirations.     Price  12s.  6//. 

PAINTERS'  COLOURS,  OILS,  AND  VARNISHES; 

Bv    GEORGE    R     HURST,     R  CS., 

Member  of  the  Sodeiy  of  Chemica]  Industry  ;lwccmrer  on  the  Technology  of  Pwnter*' 

Coloursj  Oii.s^  and  VArnikhe&T  ^hc  MuniciiioJ  Technical  Schctol^  Mojichester. 
Grnkral  Contents. — Introductory— The  Composition\  Manufacture^ 
AssAV,  and  Analysis  of  White  Pigments— Red  Pigments — Yellow  and  Orange 
Pigments — Gre<;n  Pigments— Blue  Pigments— Brown  Pigments— Black  Pigments 
— Lakes — Colour  and  Paint  Machinery— Paint  Vehicles  (Oils,  Turpentine,  &c, 
Ac. )— Driers — Varnishes. 

"  Thi*  useful  book  most  successfully  combincfi  Tlieory  anil  Practice  -  »  .  will  pro»e 
MOST  VALtrABLR,  We  focl  bound  iin  recomiDead  it  lo  all  easajged  in  the  art*  conceRietL'* — 
€Jt€mkAl  Nrtvx. 

'*  A  f>nt£tkfii  manual  in  every  respect.  The  direction;^  are  concise,  clearly  iintclUgibl«» 
and  KXCftKDiscLV  ik^trcctivk.  Thie  section  ou  Vartii^he*  the  most  reasonable  we  have 
met  with/*— CArwm/ «iW  Z?n<<y?jr/. 

"  A  work  ihat  i»  both  usieful  and  nccesssin',  from  tlie  pen  of  a  >rritcr  experienced  in  more 
ways  than  one  with  the  very  wide  subject  with  which  he  deals.  Vkkv  valuable  informa- 
tion Ji  given.'*— P/um6er  an^  Dtcorafifr. 

••  A  THoftOUtHLV  rHACTiCAL  book,  ,  .  .  conAtiEuting*  we  believc.  the  OKLY  English 
work  that  iiaii&factorily  treats  of  the  manufacture  of  olL&,  colours,  and  pigments,^ — Chfmk*U 
Trades*  ymitMAi 

**  Throui^hout  the  work  are  scattered  hints  which  are  imvaluablb  to  the  intelllcait 
reader.  *'—Ihv*h  tUn. 


IP  E  T  K/  O  Xi  E  TJ  3^  : 

A    TREATISE     ON. 

The    Geographical  Distribution,    Geolog"ical    Occurrence, 

Chemistry,  Production,  and  Refining  of  Petroleum; 

Its  Testing,  Transport,  and  Storage,  and  the 

Legislative  Enactments  relating  thereto; 

together  with   a  description   of 

the  Shale   Oil  Industry, 

BY 

BOYERTON  EEDWOOD,  F.R.S.E.,  F.I.C.,  Assoc.  Inbt.  aR, 

Hon.  Corr  Mem.  of  the  imperial  Ru»aian  Technicai  Society ;  Mem.  of 

the  Amvrimn  ChemScal  8ocivtif ;  ConauUiftif  AttoUtr  to  the 

Corpiitaihn  of  iomioft  under  the  Petroleum  Acts, 

dc^t  Ac. 

A?^.SLST£D   BT 

GEO.    T.    HOLLO  WAY,    RLC, 
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